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SUMMARY 

PROBLEM 

Develop a computer model for calculating the vertical and horizontal 
directionality of low-frequency ambient noise for an ocean environment. 

RESULTS 

A FORTRAN computer model has been developed. The Research 
Ambient Noise Directionality Model (RAND!) has given results in good 
agreement with measured data for the Pacific, Atlantic, and the Mediterranean. 

RECOMMENDATIONS 

RAND! noise calculations should be compared with ambient noise 
measurements for other ocean areas, seasons, and noise-source distributions 
as data, sufficiently documented for validation purposes, become available. 
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INTRODUCTION 

The Research Ambient Noise Directionality Model (RAND!) is an operating general
purpose FORTRAN Program that calculates and displays, via CALCOMP plots, the vertical 
and horizontal directionality of low-frequency (between 10 and 500Hz) ambient noise for 
an ocean environment. This first-phase program will be used in the design of ambient noise 
measurement experiments and in surveillance systems analysis studies. A variable-dependent 
approach based on system and environmental parameter variance makes this model inappro
priate for synoptic forecasting. It will be improved and validated as time, data, and state-of
the-art permit. 

BACKGROUND 

The ambient noise at any particular point in the ocean depends upon the amount and 
location of noise-generating sources and the nature of the local acoustic propagation condi
tions, i.e., how the noise gets from the generator to the measuring sensor. 

Sound in the ocean travels in curved or refracted paths and will arrive at a hydrophone 
from various vertical angles, depending on the depth of the source and the hydrophone and 
on the separation range. The path an individual sound ray travels can include surface reflec
tions and bottom bounces, as illustrated in the ray diagram (Fig. I). The bottom bounce 
paths will generally have the highest sound energy losses, while the paths which do not make 
contact with either the surface or the bottom will have the smallest transmission losses. The 
vertical angle between one of these latter rays and the horizontal is generally less than 1 5 deg 
at any range, while the rays making contact with the surface or bottom can have vertical 
angles approaching 90 deg. This effectively divides the sound rays into three distinct groups: 
(I) rays which come in contact with the bottom and arrive at angles from approximately I 5 
to 90 deg down from the horizontal; (2) the ncar-horizontal or SOFAR Channel rays, which 
touch neither surface nor bottom and. (3) the rays arriving at angles above IS deg and which 
originated or were reflected from ncar the surface. 

There are many sources of noise, the most important being winds, waves, shipping, 
thermal agitation and biological and seismic activity. The noise due to winds, waves, and 
shipping originates near the surface and arrives at the sensor along paths which travel near 
or reflect from the surface. In the case of distant sources, the noise travels by way of the 
SOF AR Channel and will arrive, at a sensor located within the channel, from nearly hori
zontal angles. Noise from near sources (within a few hundred miles) will arrive at angles 
closer to the vertical than does the SOFAR Channel noise. Thermal noise comes from 
throughout the medium and can arrive at any angle or from any direction. Seismic noise 
would be expected to arrive along those paths which come in contact with radiating orre
flecting surfaces, including the bottom and distant seamounts. Biological noise, however, 
originates along the surface, the bottom, and throughout the medium. 
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Figure I. Typical ray trace diagram. 

The net effect of propagating-to the sensor-the noises from such a highly stratified 
distribution of .noise generators is a noise field having vertical directionality, i.e., noise level 
dependent on vertical arrival angle, as illustrated in Fig. 2. 

Various ambient noise models have been proposed which include part of the major 
noise sources and invoke certain simplifying assumptions to produce a medium less hostile 
to mathematical description in an attempt to render the problem solvable and yet obtain. 
meaningful results. Few investigators have succeeded, and then only in highly specialized 
cases. There is documentation on several of these ambient noise directionality models. In 
the opinion of the author, none is adequate for use in the design of detailed directional 
noise measurement experiments or for. use in surveillance systems analysis studies. Miller 
(Ref. 1) and Urick (Ref. 2), for example. proposed theoretical models which require a zero 
sound-speed gradient. These models cannot account for surface-generated noise arriving at 
angles below the horizontal or for bottom noise (biologicaL seismic) arriving at angles above 
the horizontaL except by reflection from the bottom or surface, respectively. This results 
in a distorted directional noise pattern with abnormally low levels near the horizontal. 
Ta[ham's model (Ref. 3), on the other hand, includes realistic sound-speed profiles but 
applies only to bottom-mounted hydrophones. Bart berger (Ref. 4) considered only ship 
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Figure 2 Typical ambtent noise vertical directionality plot. 

noise from a uniform distribution of surface ships. thus restricting the usefulness of his 
model to the 20- to I 00-Hz region. Finally, the MOSS Ambient Noise Model developed 
jointly by the Navy and Bell Telephone Laboratories calculates the expected vertical 
directionality of the noise field for seven ocean areas for .the mean summer and winter 
conditions for acoustic propagation, wind speed, and shipping. A more general area
independent model is desired. 

In addition to the limitations already discussed, none of the above models considers 
horizontal directionality, noise due to distant sources (SOFAR Channel noise), or noise of a 
biological or transient nature, nor does any contain sufficient provision for considering vari
ances in system characteristics. For these reasons RANDI was developed for use in the de
sign of ambient noise measurement experiments and the analysis of surveillance systems. 

AMBIENT NOISE DIRECTIONALITY MODEL 

MODEL DESCRIPTION 

RANDI utilizes one or two of three different sources for the propagation loss between 
the noise generators and the sensor. The first source is a self-contained linear raytrace routine, 
one which approximates the sound-speed profile by a series of straight-line segments and cor
rects for earth curvature. See Ref. 5 for a detailed description. 

The second source is a set of propagation loss versus range and arrival angle arrays 
which is input as data. If the propagation loss is input, RANDI will bypass the raytrace 
routine. Hence, ambient noise calculations by RANDI can be based on propagation loss 
values from ray theory (its own or nearly any other raytrace model, including those that 
account for variable bottom topography and horizontal changes in the sound-speed profile), 
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normal-mode theory, experimental measurements, or any method by which propagation 
loss versus range and arrival angle might be obtained. This second source of propagation 
loss can be extremely useful when operating RANDI at the relatively low frequencies of 
many passive surveillance systems, where the validity of ray theory becomes questionable 
and normal-mode theory more attractive. 

The third form of propagation loss utilized by RANDI is for sound energy traveling 
from distant sources to a sensor located within the SOFAR Channel. RANDI calculates the 
propagation loss in this case by considering the effects of frequency-dependent attenuation 
and spreading loss increasing with fifteen times the log of the average range to the conti· 
nental shelf or the range to where the SOF AR Channel reaches the surface (as in northern 
latitudes). 

In addition to distant noise, RAND I considers five other sources of isotropic and 
anisotropic surface and volumetric noise (Fig. 3): shipping, sea state 0, biological, rain, and 
wind-wave interaction. 

The surface noise is generated by an infinite number of point sources distributed 
along a horizontal "noise source plane" just below the surface (Fig. 4 ). The depth of this 
plane is set at 20ft, since the main ship noise radiators (screws, shaft, and hull) are near 
this depth, and surface wave action extends well below the surface. The shipping noise 
generators are nonuniformly distributed, while the wind-wave and rain noise generators are 
uniformly distributed. The noise resulting from any of these three sources is anisotropic. 
Sea state 0 and biological noises come from a uniform volumetric distribution of noise gen· 
erators centered around the sensor and result in isotropic noise. The SOFAR Channel noise 
received by a sensor located within the SOFA R Channel is also isotropic for all channeled 
ray angles. The total noise field, then, is part isotropic and part anisotropic. 

A target capability is also included in RANDI. By specifying the oceanographic, 
environmental and noise conditions, and a target location, depth, and frequency spectrum 
or line component, the Surveillance System Analyst receives, by way of plot and printed 
output, the levels and angles of target multiple arrivals superimposed on the ambient noise 
arrivals (see Figs. B-4 through B-13 ). Such a capability can make RAND I a useful tool in 
the design, analysis, and optimization of surveillance systems. 

MATHEMATICAL DESCRIPTION 

The anisotropic shipping noise squared pressure spectrum level SNL (for a 1-Hz band) 
in the model is obtained from surface noise generators which have a radiated sound pressure 
level varying with frequency. The following empirical expression, which has characteristics 
similar to the spectra given in Fig. 71 of Ref. 6, is utilized: 

SNL (re pPa) = Ao- 10 Jog (IQ-1.0 logf'+l.l6 + io+3.3!ogf'-6.27) 

+ 4 SHIPD +50 log (SPEED/12) + 20 log (LENGTH/300) 

4 



'\ •• 

INPUT 

... SHIPPING .. 
SYSTEM 

DEPTH 
FREQUENCY OUTPUT 

BANDWIDTH ~ WIND-WAVE r. 
BEAM PATTERN 

• 
• PLOTS AND TABLES 
• r. • BIOLOGICAL 

... ANGLE ·PROPAGATION SQUARED I. NOISE(TARGET LEVEL 
ENVIRONMENT ... f+ . + PRESSURE ~ AS A FUNCTION OF ... DRIVER ... LOSS .. HORIZONTAL AND 
5. S. PROFILE . SUMMER VERTICAL ANGLES 
BOTTOM LOSS ... • LATITUDE SEA STATE 0 2. SOUND-SPEED PROFILE 

NOISE SOURCES 

WIND ... RAIN -~ 
SHIPS 

• 
• 
• r.· ... DISTANT 

TARGET SOURCES 

LINES 
SPECTRUM 
DEPTHS 
RANGES 

• TARGET .. . 

Figure 3. RAND! model block diagram. 
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A = { 90 no distant noise sources · 
o 85 distant noise sources specified 

f' = f - 2 SHIPD + I 2 

f = number of hertz 

SHIPD =shipping density indicator (0 - 7) 

SPEED= number of knots of noise-source ships' average speed 

LENGTH = number of feet of noise-source ships' average length 

The squared pressures obtained from the levels given by this function are distributed over the 
noise source plane in such a way to resultin effective squared pressures for unit area at unit 
distance (the mechanics are described in the section on model calibration) with magnitude 
varying in range and azimuth in such a manner to be proportional to the density of an input 
shipping density distribution ASHIP (ship density vs range array) or a shipping density in
dicator SHIPD (no shipping to heavy shipping on a scale from zero to seven). A similar 
expression was used for the squared pressure level due to distant sources DSL, since ship
ping is the major contributor at low frequencies and the higher frequencies are sev·erely 
attenuated at SOF AR Channel propagation ranges. 

The squared pressure spectrum levels for the anisotropic noise WNL due to 
wind-wave interaction were obtained from a fit to the data of Perrone (Ref. 7) and are a 
function of wind speed and frequency as follows: 
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WNL (re11Pa) = ~J8 logf + 96 

+ [9.66 (log f)2 ~ 26 log f + 27.3 H0.065 WSPDO 7) 

where WSPD =number of knots of wind speed in the vicinity of the sensor. 

These levels are converted into mean squared sound pressure in a 1-Hz band and 
further modified by a multiplying factor to achieve directionality of the source at high fre
quencies and nondirectionality at the lower frequencies as indicated by Becken (Ref. 8). 
The wind noise squared pressure modifier used in the model is the following: 

Squared pressure multiplier= I- (I-· cosn ¢) (0.002 f- 0.02) 

where¢= angle (in degrees) from the vertical that the ray makes at the source. and 

!
90 ~ ¢ 

10 
n= 

2 

0 ,;:; ¢ ,;:; 7 0 

The following function, obtained from the data of Franz (Ref. 9), gives, for rain, 
the expected noise squared pressure level RPL in a 1-Hz band and is distributed uniformly 
along the horizontal noise plane in a manner similar to the wind-wave noise. 

RPL(re 11Pa) = 5.5logf+ 50.5 + 14.5 log(RAIN) 

where RAIN is the number of inches of rainfall per hour in the vicinity of the sensor. 

Isotropic sea state 0 noise squared pressure spectrum level SSO is that noise which is 
measured under the ideal conditions of no wind, calm surface, no biological activity, and 
negligible shipping. It varies with frequency and is independent of depth and geographic 
location. The equation for SSO (for a 1-Hz band) was obtained by a quadratic fit to data 
of Wcnz (Ref I 0): 

SSO (re 11Pa) = 4.22 (log [)2 -- 33.4 log f + 89.1 

A volumetric or isotropic distribution was chosen for biological noise in the absence 
of data indicating otherwise. This noise varies with time of day and relative amount of ac
tivity expected at a particular site .. An activity indicator on a scale from zero to ten is an 
input to the model. The equation for the biological noise squared pressure spectrum level 
BPL is of the following form: 

BPL (re 11Pa) = 0.00175 (100 ~f) sin [0.00262 (hr ~ 300)] ACTIVITY 

-!6.96(logf)2 + 50.llogf+ 45.1 
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where the 0 <ACTIVITY< I 0 and hr is the local time of day (military de signa lion 
0000-2400). 

The sound pressure spectrum level TSL for a target source is accepted by the model 
by reading in the appropriate coefficients Ai, i = 1, 3, of a third-degree polynomial 

In the event that the line component is the dominant feature in the band of interest, A0 is 
the level of the line. Also specified by the user are the initial target range and depth, the 
numbers of target ranges and depths to be calculated, and the increments in range and depth 
to be used. 

COMPUTATIONAL PROCEDURE 

All of the noise and target squared pressure spectrum levels are integrated over a 
user-specified bandwidth by means of an input frequency response function. If none is 
specified, a 1-Hz bandwidth and a constant bandpass frequency response function are 
assumed. 

The squared pressure received for a differential vertical angle is obtained by first 
calculating the area defined by the intersections of the corresponding ray bundle with the 
noise source plane. These areas are multiplied by the local effective squared noise pressures 
for unit area at a distance of I yard. The resulting squared pressures are then reduced to 
account for propagation loss and summed. To this value is added the contribution of the 
isotropic noise sources. The result is further reduced to account for the vertical response of 
an individual hydrophone or an array of hydrophones. If no response function is specified, 
it is assumed omnidirectional. The final squared noise pressure arriving at that angle is 
stored for output and the process is repeated for an adjacent ray bundle at a new vertical 
angle. 

In the case where horizontal directionality is desired, the ocean is divided into n 
regions by passing vertical planes through the sensor location at 360/n deg. The ocean is 
then effectively divided into n regions, similar to a huge sliced pie of infinite radius whose 
thickness is equal to the ocean depth at the receiver location. The pertinent environmental 
and noise parameters are specified separately for each "pie slice" region. Hence, the calcu
lations performed for one region are independent of the calculations performed in adjacent 
regions. The total squared noise pressure, that which would be measured by an omnidi
rectional hydrophone, is obtained by summing the squared noise pressures for the n inde
pendent "pie slice'' regions. An example is given in Appendix B, Figs. B-6 through B-11. 

An explanation of terminology used in the ambient noise directionality illustrations 
is necessary before results can be interpreted. Noise level refers to the per steradian mean 
squared pressure spectrum level. Vertical received angle is the angle at the sensor the inci
dent ray makes with the horizontal. The negative rays are downcoming rays at the sensor, 
with the ray having a vertical received angle of -90 deg being the ray which arrives from 
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the surface directly above the sensor. The rays with positive angles arrive at the sensor 
from angles below the horizontal. 

Unlike noise. targets are treated as point sources at specific ranges and depths. How
ever, the received signal squared pressures are similarly influenced by the bandwidth, fre
quency response function, and the vertical beam response function. 

To aid the user, many of the model inputs have been initialized in data statements. 
This eliminates the repeated input of variables which are common to many situations and 
yet allows the initial values to be suppressed in the event that different values are desired. 
Those parameters which have been initialized are given in the model input section of the 
program listing, Appendix C. 

MODEL CALIBRATION PROCEDURE 

The functional relationships used for noise express the pressure spectrum levels one 
would expect to m~asure and are not source levels. To get the effective source levels at a 
distance of I yard (for unit surface area) for distributions of noise generators requires re
moving from the original levels the effects of frequency-dependent attenuation in the me
dium and then normalizing to a unit of surface area. This is accomplished by distributing 
the noise generators along the horizontal noise plane and propagating the noise at different 
frequencies. A calibration function can then be obtained which is added to the original 
levels to yield corrected levels and eliminate bias. This effectively removes the effects of 
frequency attenuation in the original levels and converts them to source levels for unit sur
face area. Finally, the output of the model is adjusted to coincide with measured data for 
one set of conditions (frequency, depth, wind speed. etc.) at one location. 

This calibration is dependent on the manner in which the noise sources a:.o distributed 
and the method by which the noise generation area is calculated and is independent of the 
medium. Hence. once this calibration is performed for one set of conditions at one location, 
it need not he done for other conditions or locations. The initial calibration was performed 
using Marine Physical Laboratory (MPL) Pacific ambient noise data (Ref. II) and shipping 
information provided by Western Seas Frontier. 

MODEL VALIDATION 

The final step, validation, has not yet been completed. This requires comparing the 
model output with measured data for many different locations, seasons, depths, frequencies, 
shipping distributions, wind speeds, etc. Tentative plans include comparing with the 
IOMEDEX data, which were taken in the Mediterranean during November 1971. Com
parison with other data sets for different conditions will be done as data become available. 
Although a large quantity of data is now readily available, the lack of shipping information 
for the time interval during which the measurements were taken disqualifies it. Nearly all 
historical ambient noise data are inappropriate for model validation. 
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DISCUSSION OF RESULTS 

GENERAL RESULTS 

Examples of output from the model for three different geographic locations (Fig. 5) 
have been included to illustrate both the capability of the model and variability in the di
rectional character of the noise field resulting from differences in sensor depth and acoustic 
propagation (Figs. 6,7, and 8). Profiles which generally characterize summer conditions in 
the Pacific. Atlantic, and Mediterranean were chosen. 

It is interesting to note the existence of the trough (low level of noise) in the noise 
field near the horizontal. This condition results from the horizontal rays at the hydrophone 
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being unable to reach the surface, where the wind and shipping noise is generated. In two 
cases, as the depth increases, the trough becomes narrower and eventually disappears, indi
cating that only near the bottom will the horizontal rays "see" the surface. In the other 
case. however, the trough gets wider as the depth increases. This results from the sound 
speed at the bottom being much less than that at the surface. hence, horizontalbottom rays 
can never reach the surface. Energy within the trough arrives from distant sources. The 
trough levels are determined by the amount of energy which has become trapped within the 
SOF AR Channel. There can be a trough, or it can be filled in. depending on whether. the 
energy per arrival angle due to near sources is greater or less than that due to distant sources. 
The total amount of sound energy received from the distant sources depends on the total 

. number of ships over the continental slope and shelf, range to the shelf, and the total channel 
"look" angle at the sensor depth. 

The lower level of sound at down going angles, greater than approximately 15 deg. 
compared to the up going angles. less than -15 deg, results from bottom loss. The upcoming 
rays, having bounced off the bottom before reaching the receiver, suffer a loss in energy not 
experienced by rays coming from the surface. This accounts for the asymmetric shape of 
the noise plots. 

MODEL OUTPUT -MEASURED DATA COMPARISON 

Ambient noise data obtained by MPL (Ref. II) during their April and May I 971 
FLIP ambient noise measurements were utilized for the initial model calibration and to per
form a level-variable dependence check. 

The model was initially calibrated at 50 Hz and 100 m receiver depth by reading in 
the measured wind speed and recorded shipping data and adjusting the model output to 
correspond to the measured noise level for a single day of the I 5-day series of measure
ments. The output of the model was then compared with the measured data for other fre
quencies, depths, wind speeds, and shipping distributions. 

Figures 9a and b are examples of how RANDI compares with the MPL data as a 
function of time. Only every other point of the original MPL data (one each day) has been 
retained to compare with the model, since the shipping distribution near the FLIP site was 
reported only once each day. Figure 9a is a comparison of the MPL data and the RANDI 
output for 200Hz at 560 m receiver depth. This frequency is of particular interest in 
checking the output of the model, since, at this frequency, both shipping and wind-wave 
interaction make significant contributions to the total noise leveL This figure indicates that 
the model is, in general, within 2 or 3 dB of the measured data. The anomalous results can 
be explained by the presence or lack of nearby (within the same 1-deg square as FLIP) ship
ping which was reported (erroneously perhaps) but was not seen by FLIP personnel or could 
have been close to FLIP's position but not reported. The agreement at 400Hz (Fig. 9b) is 
similarly encouraging for such a rough initial calibration. 

-
Figure 9c compares the noise levels calculated for MPL by CAPT Paul Wolff 

(Ref I I) using two different noise models, the noise as calculated by RANDI and the 
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MPL data for I 00 Hz at I 00 m depth. Again the agreement between RANDI and the 
MPL data is good. 

RAND! also indicated that the noise field should have a depth dependence. The 
total reduction in noise level as the sensor depth increased from I 00 to 3930 m was calcu
lated to be 6 dB at 50 Hz and 4 dB at 400Hz.· The data. however. showed a reduction of 
about 10 and 4 dB, respectively, for the same conditions. The discrepancy at 50 Hz is 
largely attributable to not specifying distant (SOF AR Channel) noise sources in RANDI 
when the comparisons were made. This could easily add the required 4 dB, since the 
total SOFAR Channel "look angle" at the axis is approximately 22 deg and the nearby 
shipping was relatively light. A similar depth dependence was observed by Lomask and 
Frassetto in the Mediterranean, where they utilized the bathyscaph Trieste (Ref. 12). Weigle 
and Watt (Ref. 13 ), however, generally observed less than 3 dB depth dependence in the 
Mediterranean for the same frequency range. The environmental and shipping data from 
Ref. 13 were used as input for RAND! to enable comparison with the measured data. The· 
results are presented in Table 1. Since the data are classified, only the differences in the 
measured and calculated (by RAND!) levels are given as a function of frequency and depth. 
It is interesting to note that although RAND! was calibrated with Pacific data, where the 
ambient noise levels are about 20 dB less than in the Mediterranean, RANDI calculated the 
Mediterranean noise within about I or 2 dB. 

RANDI was also used to obtain the horizontal directionality of the ambient noise 
for one shipping distribution and wind speed during the FLIP ambient noise measurement 
program The results are given in Figs. B-6 through B-11. 

FUTURE IMPROVEMENTS 

Improvements in the current ambient noise directionality model will be made as 
time and state-of-the-art permit. 

Transient noise, including noise from seismic disturbances and explosions, is of con
siderable interest and will be included in RAND! within the immediate future. 

SUMMARY 

RAND! is a working FORTRAN model which calculates and plots the directional 
character of low-frequency ambient noise in the ocean environment. This model is con
ceptually simple and will be improved as time and state-of-the-art permit. It is intended to 
be a tool to aid in the design of noise measurement experiments and in surveillance systems 
design and evaluation and not for ambient noise synoptic forecasting. 
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Table I. Comparison o' RAND! Output and Measured 
Noise Pressure Spectrum Level Data from the 

Mediterranean (Ref. 13). 
----

Frequency, Hz Depth, ft Difference in Level, dB 
---------

20 925 -1.0 
1728 -0.6 
3 785 
5795 -1.9 
6730 -1.8 

50 925 1.9 
1728 2.6 
3785 0.4 
5795 2. 7 
6730 4.5 

100 925 0.5 
1728 0.0 
3785 0.3 
5795 I.l 
6730 2.4 

200 925 -1.2 
1728 -1.6 
3785 -2.8 
5795 -0.5 
6730 -0.1 

400 925 0.2 
1728 0.3 
3785 -1.6 
5795 -1.6 
6730 -0.4 

500 925 0.5 
1728 -0.7 
3785 -05 
5795 -1.6 
6730 -11 
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Appendix A 

RANDI SUBROUTINE DESCRIPTIONS AND FLOW DIAGRAM 

Figure A-1 illustrates how the main or executive routine controls the flow of logic 
through the 21 subroutines which comprise RANDI. This figure can also be used as a guide 
in "streamlining" RANDl by removing those subroutines which will not be requin;d by the 
user. ln such a case. "dummy" or "empty" subroutines are substituted for the originals. 
For example, RANDI could easily be loaded into a relatively small computer when the prop
agation loss versus range is to be read in and no sound-speed profile plot is required. This 
is accomplished by substituting "empty" subroutines forT ARGET, RAPATH, SUMINT, 
RAYTRC, VERTEX, HSURF, SCLNCE and SSPLOT. If only a printout is desired, PLT 
could also be deleted. 

The following is a brief functional description of each subroutine: 

ALFA contains the equation for the absorption coefficient as a function of frequency 
and water temperature. 

AUXPR calculates sea surface area intersected by a ray bundle and sums squared sound 
pressure when propagat-ion loss is read in. 

BlO contains equation for biological noise as a function of frequency, time and 
biological activity indicator. 

BWIDTH integrates noise or target spectrum using an input bandwidth response function. 

ERTHC corrects the sound speed profile to include the effects of earth curvature. 

FUNS obtains the squared noise pressure from the shipping histogram array for a 
given range. 

FUNU linearly interpolates between two points. 

HLOSS computes absorption, spreading and refraction losses. 

HSURF computes surface reflection losses. 

PL T plots noise and target levels 

PRINTS prints input and initial variables. 
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RAPATH generates ray paths and corresponding propagation losses. 

RA YTRC determines path taken by each ray. 

REA DIN reads input parameters. 

SCLNCE produces convenient set of scale numbers for sound-speed profile plot. 

SHIPIN constructs the ray for the shipping noise squared pressure versus range histogram. 

SSPLOT plots sound-speed profile. 

SUMINT calculates sea surface area intersected by a ray bundle and sums squared sound 
pressure when propagation loss not read in. 

SURFI contains the squared pressure levels for thermal, shipping, wind-wave and rain 
noise generators. 

TARGET traces rays from target to sensor and computes received signal levels and arrival 
angles. 

VERTEX computes greatest and shallowest depths reached by ray 
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RANDI INPUT DATA AND FORMAT 

Input data cards for RAND! include parameter cards, array cards and run-control 
cards. 

A RAND! input parameter card consists of an arbitrary number of parameter fields 
in free format. Each parameter field is separated by a comma, oblique, or blank space and 
contains the parameter name followed by an equal sign and then the value the parameter is 
to be assigned for that and subsequent consecutive runs or until a new value is assigned. The 
array cards contain the name of the array followed by an equal sign, which is immediately 
followed by the first value in the array. Subsequent values are separated .by a blank space. 
Values which are continued on additional cards are preceded by an asterisk and a blank 
space at the beginning of the string of values contained on the continuation card. 

Data cards for consecutive runs are separated by a PAUSE run control card, which 
signals the end of data for one run and that further data follows for another run. The last 
data set is followed by an END-DATA card signaling the end of data for the last run. 

The PRLOSS card precedes each array of propagation loss versus range and follows 
the parameter and array cards for a given run but precedes the PAUSE card. The plot data 
cards follow the PAUSE card at the end of that data set for a given run, since they are read 
directly by the plot routines and not the READIN subroutine. 

Although it is possible to read in a total of thirty-six parameters and arrays, RAND! 
can be run, for the large majority of cases. by merely reading in a few variables. For ex
ample, if only the sound-speed profile, frequency, and sensor depth are read in, RAND I 
will use preprogrammed values for the other variables and arrays in calculating the ambient 
noise. The preprogrammed values are listed in the model input section of the model listing 
of Appendix C. The resulting noise calculation, then, will be for the given depth, a wind 
speed of 5 knots, moderately heavy shipping, an omnidirectional vertical beam response 
function, and a 1-Hz bandwidth centered at the input frequency integrated over a bandpass 
frequency response function. A 360-deg horizontal sector width, moderate bottom loss, 
and a latitude of 40-deg will also be used. 

The following is a list and brief description of the RAND! input variables and output 
products. 

System 

Name 

ADANF 
ZTG 
PHID 

Units 

ARRAY 
FEET 
DEG 

INPUTS 

Frequency (kHz) and depth (ft) array 
Noise source depth 
Declination-elevation angle 
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Name Units 

DELPH 
DGREH 
BERNG 
BNCS 
ABW 
ARESP 

ALAT 
AVELP 
AHB 
APROP 

WSPD 
ACTIV 
HOUR 
RAIN 
SHIPD 
AS HIP 
SHLFR 
SHLFS 

ZTGl 
ZTGNO 
ZTING 
RGT 
RGTNO 
RGINC 
TARG 

TARGO 
TARGl 
TARG2 

. TARG3 
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DEG 
DEG 
DEG 

ARRAY 
ARRAY 

DEG 
ARRAY 
ARRAY 
ARRAY 

KT 

HR 
IN/HR 

ARRAY 
NM 

FT 

FT 
KYD 

KYD 

Vertical half-power beamwidth 
Width of horizontal sector 
Bearing of horizontal sector 
Number of ray bounces 
Frequency response (dB down) across bandwidth 
Vertical beam response (dB down) pattern 

ENVIRONMENTAL 

Latitude for earth curvature effects 
Sound-speed (ft/sec) vs depth (ft) profile 
Bottom reflection loss (dB) vs grazing angle (deg) 
Optional prop loss (dB) vs range (kyd) with elevation angle'(deg) 
and ray bundle width (deg) 

NOISE SOURCES 

Wind speed in knots 
Biological activity 
Local time of day in hours (military) 
Rainfall 
Ship density scale 
Ship density (No./1 0000 sq mi) vs range (nmi) 
Average distance to continental shelf and surfaced sound channel 
Number of ships within horizontal sector over continental shelf 
and in surfaced sound channel 

TARGET 

Target depth 
Number of target depths 
Target depth increment 
Range to target 
Number of target ranges 
Target range increment 
If less than 0 T ARGO is a target line component in dB/micropascal, 
otherwise T ARGO is const in target spectrum level equation 
Level of line component in dB or const in spectrum equation 
Coefficient of log f 
Coefficient of (log f)2 
Coefficient of (log f)3 



OUTPUT AND PLOT CONTROL CARDS 

System 

Name 

OUTPT 
SNPLT 
HFLAG 
SSPLT 

Output data control parameter 
Noise plot f1ag 
Noise plot data card !lag 
Sound-speed profile plot tlag 

Three additional cards required after pause for noise plot 
Title 
Location 
Date 

Two additional cards required for sound-speed plot 
Location 
Date 

INPUT DATA CONTROL CARDS 

HEADER 
PAUSE 
PRLOSS 
END-DATA 

Used before a message statement 
Used before each consecutive run except first 
Used before each prop loss array 
Used at end of data or before plot cards that are at end of data 

Plots 

Table 

OUTPUTS 

1. Noise level versus vertical arrival angle with or without target 
2. Sound-speed profile 

Noise level versus vertical arrival angle 
Target signal level versus vertical arrival angle 
Total sector noise level 

EXAMPLE COMPUTER RUN 

An example of a typical RAND! run follows to illustrate the input format and out
put products. In this example both a vertical directionality plot and a sound-speed profile 
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plot are requested. The input variables are sensor depth, frequency, latitude, wind speed, 
request for both plots, bottom loss versus grazing angle array and sound speed versus depth 
array. Three plot data cards are also included, giving the title, location, and date. All other 
parameters are automatically set equal to preprogrammed initial values. 

Figures B-2 through B-5 illustrate the output of RAND! for a given set of input 
data cards. 

EXAMPLE OF HORIZONTAL DIRECTIONALITY 

Shipping data for May l, 1971, within a few hundred miles of the FLIP ambient 
noise measurement site, were utilized to illustrate the horizontal directionality cap;bility 
of RANDI. To do this the noise field was divided into 36 horizontal pie-shaped sectors 
centered at the FLIP position. The vertical arrival structure of the noise field was obtained 
by running RAND! with different shipping distributions each time to get the average noise 
level every 10 deg. These levels were then reduced by 10 dB to get the per degree levels 
and plotted by a separate DISSPLA plot routine. Four of the 1 0-deg-horizontal-sector 
vertical directionality plots (Figs. B-8-11) have been included to demonstrate the variability . 
in the vertical arrival structure. ' 
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LOCATION 06100w 2400N 
DATE 03 23 72 
WIND SPEED IKTl 5,0. 
BOTTOM DEPTH !FTI 19685,0 

DIE; ANGLE NoiSE LEVEL 
IDEGI (08) • 
-76o5 46.~ 

-72o3 41.0 
-68t0 44.0 
-65o9 44.7 
-6~.8 '+0.4 
-61oo 44,1 
-59.5 43,6 
•57.4 40.5 
-55.~ 4~.5 

•53o1 .. ~.4 
-51.0 4~.~ 

•48.9 .. ~.3 
•46o8 .. ~.4 
•44o6 42.0 
-'+2•5 .. ~.8 
•1+0.4 1+5.0 
-39.~ 44,9 
-~e.~ 44.9 
-~7.2 1+5.1 
-36.1 43,7 
•35o1 1+6,6 
•34.0 41+.3 
-32.9 46,8 
-31.9 43,7 
-3o.8 48,5 
-29.8 45,4 
-28·7 1+7,8 
-27o6 48.1 
-26oo 1+8,0 
-25·5 49.0 
-24•'+ 49.1 
•23olf. 48,7 
-22o3 51.1 
-21.3 51.1 
-20·2 52.0 
•19o1 60.3 
•18.1 60.0 
-17·0 60.7 
•15.9 61+,0 
•11f.o9 61+,9 
•13.8 61+.'+ 
-12o8 67,6 
-u.s 69.1 
-1o.1 70.4 
-9.6 73.6 
-8·5 72.7 
-7.4 76,9 

• DB RE MICROPAsCAL••21STERADIAN 

FREQ IHZl 
REC DEPTH IFTI 
SECTOR LEVEL (OBI 
HOR SEC IDEGI ~60 

50,0 
975,0 

80,3 
AT 270 

0/E ANGLE NOISE LEVEL 
IDEGI lOBI • 
76.5 40.4 
72.3 39.4 
68.0 39~0 

65.9 38.8 
63.8 38.5 
61.6 38.5 
59.5 38 •. 4 
57.1+ 38.3 
55.3 38.4 
53.1 ~8.5 

51.0 38.7 
48.9 39.0 
46.8 39.~ 

l+lf..6 39.6 
1+2.5 1+0.1. 
1+0.4 40.5 
39.3 40.8 
38.3 1+1.2 
37.2 lf.1o5 
36.1 1+1o9 
35.1 lf.2.5 
3'+.0 42.8 
32.9 1+3.4 
31.9 1+3.7 
30.8 41+.5 
29.8 1+1+.8 
28.7 1+5.6 
27.6 46.2 
2&.6 1+6.9 
25.5 1+7.6 
24.4 1+8.4 
23.1f. 49.0 
22.3 50.1 
21.3 50.8 
20.2 51.1 
19.1 60.6 
18.1 60.5 
17.0 61.0 
15.9 61+.'+ 
11f..9 65.1 
13.8 65.0 
12.8 68.1 
11.. 8 .. 69.3 
10.7 70.9 
9,6 7~.1+ 

8.5 71+.~ 

7.4 77.4 

HZ 

Figure B·3. Typical RAND[ noise field vertical directionality printout. 
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HIND srcro um 25.0 5~TOR LEVEL !OBI 7!.2 
BOTTOM DEPTH lfTl 13615.0 HOR SEC IDEBJ 10 AT 15 
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VERTICAL RECEIVED ANGLE lDEGl 
l .. igurc ll-~. Ainbicnt noise vertical directionality for the 10-dcg horizontal sector at 15 dcg. 
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MPL DATA COMPARISON 
LOGflTlON 2800N 12300W 
ORT~ 05 01 71 
WINO SPEED IKTI 25.0 
BOTTOM DEJ'TH CfTI 13615.0 

F"REQ !HZJ 
. REG OCPTH I fii 

100.0 
300.0. 

SECTOR LEVEL CDBl 66.2· 
HOR SEC CD~Sl 10 AT iS 

0+-~~~--~--~~--~--~~~~--~--~~--~--~--~~--~--i 
-90 -60 -30 0 

VERTICAL RECEIVED ANGLE 
30 

tDEGJ 
Figure B-9. Ambient noise vertical directionality fur the 10-deg horizontal sector at 45 dcg. 
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MPL DATA COMPARISON 
LOGA!ION 2800N 12300W f'RE:D IHZI 100.0 
OATE OS 01 71 REC DEPTH lfll 300.0 
WIND SPEED !tal 25.0 SECTOR ILVEI. lOBI 16. S 
BOTTOM OEP!H CfTI 13615.0 HOR SEC IDESl 10 AT 125 

80~--------------------------------------------------------------~ 
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VERTICAL RECEIVED ANGLE fOEGl 
Figure B-10. Ambient noise vertical directionality for the 10-dcg horizontal sector at 125 deg. 
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MPL DATA COMPARISON 
LDCHTION 2BOON 12300W PREll lHZl 100.0 
DATE 05 0! 71 REC DEPTH !fll 300.0 
HINO SPE:fiJ !KTI 25.0 SECTOR LEVEL !OBI 65.6 
BOTTOM OEPTH !PTI !3615.0 HOR SEC !OESJ· !0 AT 3!5 
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Figure B-ll. Ambient noise vertical directionality for the I 0-dcg· lwrizontal sector at 315 deg. 
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TARGET NOISE PLOT EXAMPLE 
UOITJON 08100. 2~ f'REQ lHZJ· 50.0 
DfiTE D3 23 72 REC DD'ttl 1n1 97s.o 
NIICI Sl'fliJ' 110'1 5.0 SECtOft IZ'4fl. 11181 80.3 
II01TOII DEPrH In l 19885.0 lllR SEC IIE8l J60 111' 370 

100--------------------------------
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a::: 
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........ 

1"'1 
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a.... 
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> w 
_J 

w 
(f) 
........ 

90 

80 

70 
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iO 

~ 30 
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TARGET DATA 
- iCJO: n 1'IIIUI£'l 111' so. o IClD 

58. I DB R£C FRill 150. 0' Ill SIIRE. 
sa.3 oe IIIli. a£ IDftEE I!¥ERIIiE 

-30 0 30 60 
VERT I CAL REG£ IV ED ANGLE WEG J 

Figure B-12. Example target-ambient noise plot. 
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REC ANGLE 
DFG· 

-82ol35 
-79~270 

-76.~.+05 

-73.540 
-70ob76 
-67 .au 
•64.946 
-62.u81 
-59.216 
-56.35i 
-50.622 
-44.892 
-36.298 
-27.703 
-13.380 

82ol35 
79.270 
76.405 
73.540 
70.676 
67.811 
64.946 
62.o81 
59.216 
56.351 
50.622 
44.892 
36.298 
24.839 
13.380 

TARGET LEVEL 
DB/M PA 

-248.50 
-140.83 

-78.85 
-50.95 
-29.66 
-15.09 
-7.88 
-.58 
6.88 

14.42 
22.13 
31.94 
42.19 
51.15 
51.tt2 

-2tt7.99 
-140.30 

-78.33 
'-50.41 
-29.11 
p14.55 
-7.33 
-.o2 
7.44 

11.99 
22.72 
32.55 
42o84 
52o29 
52.29 

58o1 DA SIG REC AT 975. FT FROM 150.0 DB TARGET AT 
o0500 KHZ~ 400. FT DEPTHr 50.000 KYO 

Figure B-13. Example target data output. 
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Appendix C 

RESEARCH AMBIENT NOISE DIRECTIONALITY 
(RANDI) MODEL LISTING 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c•• 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C** 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

·····················••************************************ 
• • 
* RESEARCH AMBlFNT NOISE DIRECTioNALITY IRANDII MODEL * 
* • 
*********************************************************** 

NAME UNITS 

SYSTE~ INPUTS •• 
ADANF ARRAY 

ZTG FEET 
PHID DEG 
DELPH DEG 
DGREH . DEG 
BERNG DEG 
BNCS 
ABW ARRAY 

ARESP ARRAY 

ENVIRONMENTAL INPUTS ** 

ALAT 
AVELP 
AHB 

A PROP 

DEG 
ARRAY 
ARRAY 

ARRAY 

***** MODEL INPUTS ***** 

INITIAL 

N FREQUENCIES IKHZI AND K DEPTHS (FTI 
N+K .LE. 30 

NOISE SOURCE DEPTH -
UIE ANGLE 
vERTICAL HALF-POWER BEAMWIDTH 
wiDTH OF HORIZONTAL SECTOR 
bEARING OF HORIZONTAL SECTOR 
bOUNCES oLE. 60 
FREQUENCY RESPONSEIDB DOWNI ACROSS 

FREQ IN BAND> 1 HZ BW INITIAL 
VERTICAL BEAM RESPONSE PATTERN 

oMNI ASSUMED IF NOT INPUT 

LATITUDE FOR EARTH CURVATURE EFFECTS 
VELOC]TY<FT/SECI Vs DEPTH!FEETI PROFILE 
tiOT-REFL LOSSIDBI VS GRAZING ANGLE<DEGI 

PROV 5 ASSUMED IF NOT INPUTTED 
oPTIONAL PROP LOSS lOBI VS RANGE 

IKYDI ARRAY WITH ELEVATION ANGLE 
<DEGI AND RAY BUNDLE WIDTH IDEGI 
APROP!11 : DEPRESSION ANGLE IDEG) 
APR0P(2l : RAY BNDL WDT <DEGI 
APROPI2N+l) : RANGE (KYDSl 
APROPI2N+2) : PROP LOSS <DBl 

20 
0 

170 
360 
270 

10 

40 

C** NOISE SOURCE INPUTs ** 
c 
c 
c 
c 
c 
c 
c 
c 
c 

WSPD 
ACTIV 
HOUR 
RAIN 
SHIPD 

KT 

HR 
]N/HR 

wiND SPEED IN KNOTS 5 
biOLOGICAL ACTIVITY SCALE 0 TO 10 0 
TIME OF DAY IN HOURS <MILITARY) 1500 
RAIN FALL 0 
sHIP DENSITY SCALE a TO 7 5.2 
,EQ, a - NO SHIPS• = 7 - DENSE 

SHIPPING CALIB - MPL DATA 4/24171 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c•• 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

A SHIP 

SHLFR 

SHLFS 

TARGET/THREAT 

ZTGl 
ZTGNO 
ZTINC 
RGT 
RGTNO 
RGINC 
TARG 

TARGO 

TARG1 
TARG2 
TARG3 

ARRAY 

NM 

INPUTS 

FT 

FT 
KYo 

KYO 

•• 

sHIPPING HISTOGRAM ARRAY - EACH BAR IS 
DEFINED BY 2 TO 4 NUMBERS IN THE 
FOLLOWING ORDER - RANGE IN NM• 
NOo SHIPS PAST THAT RANGE AND 
8EFORE NEXT RANGE 
NEG AV SHIPS SPEED IKTl !OPTIONAL> -12 
NEG AV SHIPS LENGTH IFTI (OPT! -300 
LAST DATA POINT IS LAST RANGE 

AVERAGE DISTANCE IN. NAUTICAL MILES 900 
TO THE CONTINENTAL SHELF AND 
SURFACED SOUND.CHANNEL WITHIN THE 
SECTOR OF HORIZ ANGLE 1DGREH) 

NO, SHIPS WITHIN HORIZ SECTOR OVER 0 
CONT SHELF AND IN SURFACED SOUND 
CHANNEL (ATLANTIC VLAM DATA CALl 

lwHEN PROP LosS NOT READ INI 

TARGET DEPTH oLT• 0 NO TARGET 
NUMBER OF TARGET DEPTHS 
TARGET DEPTH INCREMENT 
RANGE TO TARGET 
NUMBER OF TARGET RANGES 
TARGET RANGE INCREMENT 
,LT, 0.0 TARGO IS A TARGET LINE 

COMPONENT IN DB/MICROPASCAL 
,GE, 0,0 TARGO IS CONST IN TARGET 

SPECTRUM LEVEL EGU 
LtVEL OF LINE COMPONENT IN DB OR 

CONST IN SPECTRUM EQU 
cOEFF OF ALOGlOIHZJ 
COEFF OF ALOG10CHZJ••2 
cOEFF OF ALOG101HZJ••3 

-1 
1 

1 

C** OUTPUT AND PLOT CONTROL CAHDS ** 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
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OUTPT 

SNPLT 
HFLAG 

SSPLT 

"oUTPUT DATA CONTROL PARAMETER -1 
,LEo 0 NO VIRT DIR PRINT OUT ~ ONLY 

·ToTAL SECTOR LEVEL 
, LE, 0 No NOISE PLOT 0 
,GE, o,O REQ PLOT DATA CARDS 0 

ELIM PLOT DATA THAT 00 NOT CHANGE 
.LE, 0 No VELOCITY PROFILE PLOT 0 

THREE ADDITioNAL CARDS REQUIRED AFTER PAUSE FOR NOISE PLOT 
IONLY oNE sET FOR EACH FREG AND DEPTH LOOPI 

TYPE 

TITLE 
LOCATION 
DATE 

FORMAT EXAMPLE DATA CARD liN ORDERJ 

AMBIENT NOISE DIRECTIONALITY$' 
i+020N 01715E 
o7 22 71 

TWO ADDITIONAL CARDS REQUIRED FOR SOUND SPEED PLOT 

LOCATION 13Al 
DATE lOAl 

4020N 01715E 
07 22 71 

NOTE ( $1) 



c•• 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 
c 

c 

DATA CONTROL CARDS ** 

HEADER 
PAUSE 

PRLOSS 
END-DATA 

uSED BEFORE A MESSAGE STATEMENT 
USED BEFORE EACH CONSECUTIVE RUN 

EXCEPT FIRST , 
USED BEFORE EACH PROP LOSS ARRAY 
uSED AT END OF DATA OR BEFORE PLOT 

CARDs THAT ARE AT END OF DATA 

***************************** BEGIN PROGRAM ************************' 

DIMENSION FRE4ClllrDPTH5(29lrFREG9(29l 

COMMON ICOMV/ ZX,ZTGrRMAXrPHIDrDELPHrBNCS•OUTPTrwSPDrDGREHrSNPLTrS 
lSPLTrALATrBERNGrHOURrACTIVrRAIN•HFLAGrZTGlrZTGNOrZTINCrRGTrRGTNOrR 
2GlNCrTARGrTARGOrTARGlrTAkG2oTARG3oSHIPDrSHLFRoSHLFS/COMA/AVELPC3Ql 
3oAHBCJQ),ARESPC3QlrASHIPC30loABWC30)oAPROP(30loADANFC30lrNUMVrNUMH 
4rNUMRrNUMSrNUMBW,NUMPrNUMFICOMX/CXrZBMoPHlC•ALPHACrBION. 
~OMMON HLOSI6,60lrRNGI6r60lrXANGC30QlrYDB(300lrJP1rJCNTrWINDirTOTL 

llrTOTLNrl51riTST,NTSTrTHRMLrTHRDBrCDrZBlrVFLAGrBANDLC1llrFRE3(1llr 
2DBClllrBANDWrLOCAT(3lrDATE(2lrAVEL1(3QlrASHI1(30lrTDBC180lrTDEGI18 
30lrKP1rTRECLrTLEVrTGDPrRJGrG(300lrWC300lrTYTLE<BlrCAP1C8lrCAP2!13) 
4rCAP3113lrCAP4113lrCAP5113lrCAP6C8loCAP7C8loNMS2rFREQrPHINC 

DATA IPOZ/5HPAUSE/oiPOP/5HPRLOS/ 
DATA ZTG/20o/rSHLFR/900./rSHLFSIO.IrRMAX/500o/rOUTPT/-l./ 
DATA RADCON/57.2957795/rSHIPD/5.2/rNUMS/9/ 
DATA SNPLTrSSPLT,PHIDrDELPHrBNCSrWSPD/oOroOroOrl70or10.•5o0/ 
DATA (AH6(l)rl:lr10)/0orl0or20orl3o6r40or14,5t50 0 r16.5o90ot17,/ 
DATA DGREH/360o/oALAT/40./rNUMH/10/rHOUR/1500,/ 
DATA ACTIV/oO/rBION/OoO/rRAIN/O.Q/ 
DATA IABWII) ,J:1,4l/Oo0-rOo0rloO•O,O/ 
DATA NUMBW/4/rZTGl/-l,O/,HFLAGIO.O/rZTGNo/1,0/rRGTN0/1.0/ 
DATA CARESPIIlri:lr4l/-9QorO.Or90orO.O/ 
DATA NUMR/4/ 
CATA CASHI~Illrl:lr9)/93,1o94r154r5i215r2•92r277,2.1o337/ 

10 CALL READIN IIPOSl 
HFLG1:HFLAG 
..JDPTH:O 
..JFREQ:O 

C SORT FREQ AND DEPTH ARRAY INTO Two SEPARATE ARRAYS 
c 

DO 15 KDF:lrNUMF 
IF IADANF<KDFl •LEo 2.> GO TO 11 
..JDPTH:..JDPTH+l 
DPTH5CJDPTHl:ADANF(KDFl 
GO TO 15 

11 ..JFREQ:JFREG+l 
FREQ9(JFREQl:ADANFIKDFl 

15 CONTINUE 
00 160 L3:lrJDPTH 
ZX:OPTH5CL~) 

DO 160 L4:1r..JFREQ 
FREQ:FREQ9 ILl: ; 
IF (L3+L4 .GT, 'J MfLAG~-1. 

PTEST:Q,Q 
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c 
C STORE FOR PRINT OUT ARRAYS THAT CHANGE 
c 

c 

IF <VFLAG.GToOoO) Gu TO 20 
DO 20 I:loN11MV 
AVELl(J):AVFLP(II 

2n CONTINUF. 
IF (L3+L4 •FO, ~~ CALL PRINTS 
JCN1:0 
TOTLT:O,O 
I5l::;O 
HORLf:l, OE'-18 
IF !FREQ.LT,.Ol,QR.FREQ,GT •• S) GO TO 170 

C MULTIPLE RUN CHF.CK 
IF <VFLAG.E~.o.ul CALL ERTHC 

c 
C CALCULATE 11 BANOWIUTH FRE~UENCIFS 

BAI'JUW=AHW ( Ni1MRW-ll 
FST~T=·5*(-RANDw+5GHT(BANDW•BANDW+4,0E+6•FRF.~*FREQ)J 
DO jQ l:1oll . ·. 
BI:JS:I-1 
FRE4!Il:nB5•BANDW*ol 
FRE3!li:FSTRT+FRE4!l) 
BANUL(IJ:FUNU!AI:JWoFHE4!IIoNUMBWI 

3n CONTINUE 
c 
C DETERMINE ByOLOGJCAL SOURCE 

IF !ACTIV,GToO.O) CALL I:JlO 
c 
C CALCULATE SiJRFACE N(JISE SOURCE INTENSITIES 

CALL SURFI 
c 

c 

ALPHAC=ALFA(40.0oFR£Q) 
HORLI:l.OE-!8 
IF!SHLFs oEQo O.Ol GOTO 32 

C CALCULATE INTENSITY/STERADIAN FOR HOR NOISE DUE To OIST.SOURCFS 
C CALIBRATE HoR NOISF WITH VLAM DATA !ASSUME 10 SHIPS OVER SHELF 
C AT bOO NM) 
c 

c 

RDisT=5HLFR*2oOo, 
SHLFD:lo,•AL0Gl0!1.+SHLFSl 
RLOS=-8&,+15o*ALOG1U!RDISTI+ALPHAC*!RDIST•.onll 
00 31 J:lol] 
~Bl:AL0f.10(FRF3!Jl+b,)-,25 

SL1=-l·•BB1+1,16 
SL2:3,3•BB1-&,274 
CORL=-3A, 

31 Db(J):-lo.-lO.•ALQ(,l0!1U•**SL1+1o.••SL2l-RLos+SHLFO+CORL 
CALL BWIDTHCHORZJ) 

C · CONVERT TO yNTENSITY/HOHIZ DEG 
c 

c 

HORZI=HoRZI•DGR~H*oU027777 

3? CONTINUE 

C PHicH 15 THF HALF ANGLE WIDTH OF SOUND CHANNEL SEEN BY RECEIVER 
C SOR<;V IS SOtJND SPEFLi AT NOISE GENERATOR DEPTH 
c 
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c 

CX:FUNU(AVE~PoZX,NUMVI 

PHICH:Q,Q 
SORSV:AMIN11AVE~PI21,AVELPINUMVI) 

IFISORSV ,GE, CXI PHICH:ACOSICXISORSVI•RADCON 

C SKIP RAYTRACE IF PROP ~osS READ IN 
lFCIPOS .EGo IPOPI GO TO 175 

c 

c 
c 

c 

IF (SNPLT.~E.OoO oANDo ouTPT ,GT, OoOl PRINT 180 

cS:AVELP121 
PHIC:O,OoOOl 

C SEARCH FoR MAXIMuM NEAR SURFACE SOUND SPEED 
cM:cs 

c 

c 

UO 40 I=loNUMVo2 
IF (AVELPIIloGTo3000,0) GO TO 50 
c:AVELPCI+l) 
IF (C,GE,CMI CM=c 

40 CONTINUE 
50 IF ICMoLEoCS) GO TO 60 

IF (CXoLToCMI PHIC=ACOSCcXICMI+O,OOOOl 
60 PHISC:RAOCON•PHic 

ZBM=AVELPINUMV-11 
CB:AVELPINUMVI 

C OBTAIN LIMITING ANGLE FOR BOTTOM REFLECTIONS 
PHILIM:O .o 
IF (CXoLToCBI PHtLIM:ACOsiCX/CBl 

c 
C INITIALIZE PARAMETERS 
c 
C PHI LOOP 
c 

c 

CALL PRERAY IOoO,Ol 
IBB:o 
ICZ:o 

C OBTAIN INITIAL ANGLE INCREMENT 
PHST:ABSIPHIDJ+0,5*DELPH 
PHND::PHST-DELPH 
PHINC:DELPH/20,0 
PHI:PHST+PHINC 
PHND:AMAXliPHISC,PHND)/RADCON 

c 

70 PHI:PHI-PHINC 
PHIS:PHI/RADCON 
IF CPHIS,LToPHNDI GO TO 80 
IF CICZoEGoll GO TO 90 
IF (PHIS,GToPHILtMI GO To 90 
IBB:l 
PHIS:PHILIM+,0001 
GO TO 90 

80 CONTINUE 
IF(!CZ •EGo 11 GoTO 100 

C DRAW TROUGH IN NoiSE CURVE NEAR HORIZONTAL IF PHtCH ,GT, ,5 
C ANO GET DISTANT SOURCE IHORI NOISE COMPONENT 
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JCNT:JCNT+l 
I51:Jp1+1 
XANGII5ll:-PHICH•.7 
XANGII51+1l=PHICH••7 
YDB!I51):10••AL0GlOI!O.••<THkDB/lOol+10.•*(HORDB/10.l)+100. 
IF<PHICH .LT~ .5) YDBti5ll=YDBCJP1l 
YDB!I5l+l):YQBIIS1) 
TOTLI:TOTLI+HORZI>~<2.•PHICH 

.;P1:Jp1+3 
C INITIALIZE CZ FOLDING RA~GE CHECK 

CALL PRERAY (Q,O,Ol 

c 

ICZ:l 
IF<PHND .GT. PHlLIMl GOTO 110 
PHINC:PHILIM-PHic 
IF CPHINC.LE.O,O) GO TO 110 
PHINC:-1.4324•PHINC 
PHI:CpHic+0.001l•RADCON 
GO TO 70 

90 CALL RAPATH (ICZ,PHIS•DELRl 
IF CICZoEGoll GO TO 100 ~ 

IF (I8BoEQ,1l GO TO 80 
IF !DELR ,GT, 1•) PHINC:u.S•PHINC 
GO TO 70 

100 CONTINUE 
IF (PHIS,LT.PHILIMl GO TO 70 

110 CONTINUE 
c 
C CALCULATE OMNI NoiSE LEVEL 
c 

c 

IF !TOTLI.LE.O.Ol GO TO 171 
TOTLN:10.0*ALOG1o<TOTLil+1B4.8856 
HOROB:HORDB+100. 
FRE1=FREa•1000.0 
PRINT 200, DGREH,TOTLN•FREl•ZX 
CANGL:2.>~<PHICH 

IF!SHLFS .GT, 0•0 .AND. PHICH .GE, O,l PRINT 220•H0RDB•CANGL 

C BYPASS TARGET IF PROP LOSS READ IN 
IFIPTEST.Ea.1.0l GO TO 120 

c 
c 

IF CZTGll 120r130•130 
120 IF CSNPLT.GT.O.O) CALL PL..T CPTESTl 

GO TO 150 
c 
c TARGET RANGE-DEPTH LOOP 
c 

130 rH:ZTGNO 
NR:RGTNO 
HTST:HFLAG 
DO litO I:1•NR 
DO litO J:1,NT 
YT:J-1 
YR=I-1 
RTG=RGT+YR*RGINC 
TGDP=ZTGl+YT•ZTINC 

CALL TARGET 
IF CSNPLT.GT.O.OI CALL PLT IPTESTl 
HFLAG:-1,0 



c 
c 

c 

c 

c 

c 

c 
c 

c 

140 CONTINUE 
HFLAG:HTsT 

150 CONTINUE 

PLOT SOUND SPEED PROFILE IF CALLED FOR 
IF ISSPLT,GT.O,Ol CALL SsPLOT 

160 CONTINUE 
HFLAG:HFLG1 
IF IIPOS,EQoiPOZ> GO TO 10 

STOP 

170 PRINT 210• FREQ 
GO TO 160 

171 PRINT 19o 
GO TO 150 
READ PROP LOSS INSTEAD OF CALCULATING IT 

175 CALL AUXPRIIPOSoPHICHoHOHZll 
PTEST:1.o 
GO TO 110 

180 FORMAT I/////57X,''OUTPUTt///24X•3HPHI•8Xo4HDPHl•BXo5HMAX Ro5Xo8HLO 
1SSIDB)o6Xo5HDB Upo6X,7HDB DOwN•3XolOH1 STER COR/) 

190 FOR~AT I• TOTLI ZERO OR NEGATIVE- GO TO NEXT CASE') 
200 FORMAT I//6X,F7.1o' DEG SECTOR LEVEL: •,F7,2,• 08 FOR'oF6,1o 1 HZ 

1AT 0 oF7olo' FT DEPTH'/) 
210 FORMAT (7H FREQ :oF10o4o2BHKHZ OUTSIDE l0-500 HZ REGION) 
220 FORMAT I~X•'SOFAR CHANNEL PER STR NOISE LEVEL ='F6.1•' DB FOR 1 F5,1 

lo36H VERT DEG TOTAL CHANNEL •LOOK' ANGLE;> 
END 

FUNCTION ALFA IT,Fl 

C INPUTS 
C T DEG-F TEMPERATURE 
C F KHZ FREQuENCY 
C ALFA IS THE ABSORPTION COEFFICIENT 

FSa:F•F 
FCUBE=F•FSQ 
FLOG=ALOGIFl 
TC:5oO*IT-32,0l/9,0 
FT:{6,0•TC+ll8,0)/ITC+273o0l 
FT:21,9*EXPI2.3026*FTl 
ALFAT:O,Q542•EXP!l.5•FLOGl 
FCUT=FCUBE/32,768 
IF IFCUT.LT.l.Ol GO TO 10 
BF1:1,0/(l.O+FCUTl 
bF2:1,0-BF1 
GO TO 20 

10 bF2:l,O/!t.O+l.O/FCUTl 
BF1:1,0-BF2 

20 ALFAM:FSu/FT•IOo6505317•FT/IFT+FsQIFTl+0,026847l 

ALFA=BFl•ALFAT+BF2*ALFAM 
KETURN 
!:.ND 
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SUBROUTINE AUXPR!IPOSoPH!CHrHORZil 
c 
C THIS SUBROUTINE CALCULATES AMBIENT NOISE WHEN PROP LOSS IS READ 
C IN AND NOT CALCULATED 
c 
c 
c 

c 
c 

c 
c 

COMMON /COMV/ ZX,ZTG,RMAXoPHIDoDELPHoANCs•OUTPTowSPO,DGREHoSNPLT,S 
lSPLToALAToBERNG•HOUR,ACTIVoRAIN•HFLAGoZTGl,ZTGNO,zTINCoRGToRGTNOoR 
2GINCoTARGoTARG0•TARGloTARG2•TARG3oSHIPD.•SHLFRoSHLFS/COMA/AVELPI3Q) 
3oAHBI30l,ARESPI3ol•ASHIP130loABWI30loAPRoPI30loADANFI30loNUMVoNUMH 
4oNU~RoNUMSoNUMBW,NUMPoNUMFICOMXICXoZBMoPHIC•ALPHAC•BION 

COM~ON HLOSI6o60loRNGI6o60loXANG(300loYDBI300loJP1oJCNToWINDl•T0TL 
lloTOTLNoi5l•ITST,NTSToTHRMLoTHRD8oCDoZBl,VFLAGo8ANDLI1lloFRE311llo 
2DBillloBANDW,LOCATI3JoDATEI2loAVEL1130loASHI1130loTDBilBO)oTDEGI18 
30loKPloTRECLoTLEVoTGDPoRTG•Q(300},WI300l,TYTLEIBl,CAP11BloCAP21131 
4oCAP3113loCAP4113l•CAP51l3loCAP61BloCAP71BloNMS2oFREQoPHINC 

C .INITIALIZED PARAMETERS ARE THE.FuLLOWING 
c 

c 

c 

TOTLI:l.oE-18 
TOTLI:TOTLI+HORZI*2••PHICH 
JPl=o 
HORDB : lOo*ALOG!OIHoRZil+B4.8856 
IF IPHICH .LT. o5l GO To 1 
QI1):-PHICH*,7 
Q(2):-QI11 
WllJ:lO••ALOGlOilO•**ITHRDB/lOol+lOo**IHORDB/lOo))+lOO. 
wl2l=Will 
XANGill=l. 
XANGI2l:1, 
JP1:2 

1 CALL READINIIPOS) 

C CALCULATE WIND NoiSE DIRECTIONALITY FACTOR DIRS 
c 

c 
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CX:FUNUIAVELPoZX,NUMVl 
cS:FUNUIAVELPoZTGoNUMVl 
COSPH: COSI.0173s•APR0Pilll•CS/CX 
IFICOSPH,GE•lolCoSPH:l. 
PHI:ACOSICOSPHI 
EXPN:S.729*PHI 
lFIPHI.LToo34911EXPN:2.0 
OCOEF=2·•FREG-.02 
IFIFREGoGT •• SJOCOEF=l.O 
DIRS:}.+!SIN~Hll**EXPN-loi*IDCOEFI 

RI:APROP<3l 
SHI:FUN5(ASHiloRioNMS21 
PRI=APROPI4l 
RECTI:l.oE-18 
r=-1 

4 I=I+l 
NS=2*I+l 
IFIASH111NSl.LE•APROPI3ll GO TO 4 
NP:5 



C SELFCT RANGE INTEGRATION INTERVAL 
c 

c 

10 lFIAPROP!NPI-ASHI11NSil30•20r40 
20 fHEST:l.o 

t~S:NS+2 

30 RIP1:APRoPINPl 
PRIPl:APROPINP+ll 
SHIPl:FU~SIASHil,RIPl•NMs2l 

NP:NP+2 
C:.O TO 50 

40 RIPl=ASHil(NSI 
PRIP1:FUNUIAPROP,RIPl•NUMPl 
SHIP1:ASHI1CNS+1) 
NS:NS+2 
lFIRTEST.EQ.l.Ol NP=NP+2 

50 CONTINUE 

C CALCULATE TOTAL SURFACE NOISE INTENSITY DENSITY FUNCTION 
C ONI=A•RANGE+B 
c 

c 

RDIF=RIPl-Rl 
IFIRDIF.EQ.O.Ol GO TO 80 
SDIF:SHIPl-SHI 
A=SDIF/RDIF 
BWIND:WINDI*DIRS 
l::lSHIP:SHI-RhA 
l::l=BWIND+BSHIP 
DNI:SHI+BWIND 
DNIPl:SHIPl+BWIND 

C CALCULATE PROP LoSS INTENSITY REDUCTION FACTOR 
C FROM PROP LOSS : E*RANGE + F , WHERE F INCLUDES G THE LOSS 
C DUE To THE BEAM PATTERN 
c 

PDIF:PRIPl-PRI 
E=PDIF/RDIF 
G=FUNUIARESPrAPRoP!l)oNUMPl 
F=PRI-RI•E-G 
IF IABSIE> .GEo •0001 I GO TO oO 
RECI=6•282*10•**<-·1•Fl•<•3333*A•<RIP1*•3-RI**3)+,5•B•<RIPl•RIP1 

1-RI•Rill 
GO TO 70 

60 RECPE:10./IE•2.3025l 
RECI:-6.282*RECPE•I1o.••<-.1•PRIP1l• DNIP1•CRIP1+RECPEl-10.•• 

1<-.l•PRil•IDNI•IRI+RECPElll 
IF(ABS(A) .GTo •00011 REci=RECI-6o282*A*RECPE*REcPE•I10•**1-.1• 

1PRIP1l*IRIP1+2o*RECPEI-lO•**C-·1•PRil•IRI+2•*RECPEll 
c 
C CALCULATE LEV~L RECEIVED FROM HORIZ SECTOR AND TEST FOR LAST RANGE 
c 

c 

70 RECTI=RECTI+.0175•DGREH•AB51RECII+CTHRML+BIONI•APROP!2l 
80 RI:RIP1 

SHl=SHIPl 
PRI=PRIPl· 
IFCNP,LT.NUMPI Go TO 10 

C STORE LEVEL AND ANGLE FOR OUTPUT AND GE.T TOTAL OMNI INTENSITY 
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JP1:JP1+1 
W(JP1J:lO.O*ALOG10(RECTJ;APRoPC2JI+lB4.BB56 
Q(JPll=APROPill . 
XANG(JP1J:APROPI2l 
TOTLI:TOTLI+RECTI 
IFCIPOS .EGo IPOZl GOTO l 

c 
C SORT AND GET MINIMUM LEVEL 
c 

c 

JP1Ml:JP1-1 
100 DO 110 K:1rJP1M1 

L.=K+1 
IF(QILloGToGCKllGO TO 110 
DUM'f'Q:Q(L.I 
DUMYIV:WILI 
OUMYX:XANG(L.J 
Gi(L):Q(KJ 
W(L.J:W(KJ 
XANG CL.) =XANG (K I 
Q(KJ=DUMYQ 
WIKI=DUMYW 
XANGIKl=DUMYX 

110 CONTINUE 
JP1Ml:JP1Ml-1 
IF(JP1Ml.GEo2lGO TO 100' 

C PRINT OUT IF NO PLOT REGUIREO 
c-

c 

lF(SNPL.T.GToOoOIGO To 130 
PRINT 200 
DO 120 K:1rJP1 

120·PRINT 210rQ(K)rWCKI 
GO TO 150 

130 DO 140 K:1rJP1 
140 W(K):W(KJ-10,•ALoG10(XANGIKJl 
150 CONTINUE 
200 FORMAT(//11Xr'PHI'r4X•'LEVEL (OBJ'l 
210 FORMAT(F15.1,F10,11 

RETURN 
END 

SUBROUTINE BID 

C THIS SUBROUTINE COMPUTES THE CONTRIBUTION OF BIOLOGICAL NOISE 
c 

so 

COMMON ICOMV/ ZX,ZTGoRMAXrPHIDrDELPHrBNCS•OUTPT•WSPOrDGREHrSNPLT,s 
1SPLT,ALATtBERNG•HOUR,ACTIV•RAIN•HFLAGrZTG1rZTGNO,zTINCrRGTrRGTN0rR 
2GINCoTARG•TARG0•TARGl•TARG2rTARG3rSHIPD•SHLFRrSHLF5/COMA/AVELPC30J 
3tAHB(30lrARESPI3oi•ASHIP130lrABW(301rAPROPI30irADANF(30lrNUMV•NUMH 
4,NUMR•NUMSrNuMBW,NUMPrNUMFICOMXICXoZBMrPHIC•ALPHACrBION 

COMMON HLOSI6r60J•RNGI6r60I,XANGI300loYDB(300l•JP1rJCNT•WlNDioT0TL 

1I•TOTLN•I5loiTST,NTST•THRML•THRDB,CDrZBlrVFLAG•BANDLI11lrFRE3(11), 
20BC11JrBANDWrLOCATI3JrDATEI2l•AVEL1(30lrASHI1130lrTDBC180)rTOEG(18 
30lrKPlrTRECL,TLEV•TGOPtRTGrQ(300)oW(300),TYTLECBlrCAP11BltCAP2C13l 
4,CAP3113l•CAP4113l•CAP5<131•CAP6C8l•CAP7(8J,NMS2,FREG•PHINC 



c 

ACT:AcTIV/5.0 
DO 10 J:lrll 
~Bl:ALOG10(FRE3[J)) 

C 8 IS THE DAlLY FLUCTUATION 
c 

c 

B:o00175•1lOO.-FRE31Jll•SINI.002618•[HOUR-300.ll 
BI01=-26.6*BB1+2o. 
BI02:2B·•BB1-52o64 

10 OBIJl:-3s.4-lO.•ALOGlO(lO•**I•l*BIOll+lO.••<·l*BI02ll+B•ACT 
1+2o•ACTIV 

CALL BWIDTH 1621 

C CONVERT TO INTENsiTY/VERT DEG/HOR DEG 
c 

c 

c 

BION=ACT•B2•DGREH•lo5432E-5 

RETURN 
END 

SUBROUTINE BWIDTH (DINT! 

C THIS SUBROUTINE INTEGRATES THE SIGNAL INTENSITY OVER BANDWIDTH 
C ADD BANDwiDTH REsPONSE TO NOISE SIGNAL 
c 

c 

c 
c 

c 

REAL LEVBW(lllrMirMIP1 

COMMON /cOMV/ ZX,ZTGrRMAXrPHIO•DELPHrBNCS•OUTPTrwSPDoDGREHrSNPLToS 
lSPLToALAToBERNG•HOURrACTIV•RAIN•HFLAG•ZTGlrZTGNOoZTINCoRGTtRGTNOrR 
2GINCoTARGoTARGOrTARGl;TARG2rTARG3oSHIPDoSHLFRrSHLFS/COMA/AVELP(30) 
3rAH8130l,ARESPI3olrASHlP130)oABW(30)rAPROP(30)rADANF(30ltNUMV•NUMH 
4oNUMRoNUMSoNUMBW,NUMPrNUMF 

COMMON HLOSI6o60l•RNGI6•60loXANGI300)oYDBI300lrJP1rJCNTrWINDl•TOTL 
1IrTOTLN•I51•ITST,NTSTrTHRMLoTHRDBrCOrZBlrVFLAG,BANDLI11l,,RE3111lo 
2DB(lllrBANDWrLOCATI3lrDATEI2l•AVEL1130lrASHili30),TOB(l80loTDEGI18 
30loKP1rTRECLrTLEVoTGDPoRTGrG(300),W(300),TYTLEI8loCAP1(8)1CAP2(13) 
4oCAP3113lrCAP4113lrCAP5Cl3loCAP618loCAP71BioNMS2oFREQoPHINC 

DINT:o.o 

C OBTAIN EFFECTIVE LEVELS 
c 

DO 10 I=l•ll 
10 LEVBWill:DBIIl-BANDLIIl 

c 
C INTEGRATE AND CONVERT TO INTENSITIES 
c 

DO 30 1=1•10· 
FI:FRE31Il 
FIP1:FRE311+1) 

MI:ILEVBw<I+l>-LEVBWIIll/(lO.O*ALOGlOIFIPl/FI)l 
BI:LEVBW!Il-CALOG101Fll/AL0GlOIFIP1/Fil>•ILEVBWII+ll-LEVBWCill 
SMB:3.2467E-9•1D.••IBI/10ol 
IF IMioEG.-1,01 GO To 20 
MIPl:MI+l,O 
OIN:ISMB/MIP1l•IFIP1•*MIP1-FI•*MIP1) 
GO TO 30 

·20 OIN:SMB•ALOGIFIPl/FII 
30 DINT=DINT+DIN 
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C NORMALIZE INTENSITY TO ONE HZ 
DlNT;OINT/BANDW 

c 

c 

RETURN 
END 
SUBROUTINE ERTHC 

C THIS SUBROUTINE cORRECTS FOR EARTH CURVATURE EFFEcTS 
c 

c 

c 

COMMON ICOMV/ ZX,ZTGoRMAXoPHIOoDELPHoBNCS•OUTPT•wSPOoDGREHoSNPLToS 
1SPLToALAToBERNGoHOURoACTIVoRAIN•HFLAGoZTG1oZTGNOoZTINCoRGToRGTNO,R 
2GINCoTARGoTARGO•TARGloTARG2oTARG3oSHIPD•SHLFRoSHLFS/COMA/AVELPI3QJ 
3oAHBI30l,ARESPI3oloASHIPC30loABWI30ioAPROPl30loADANFI30loNUMVoNUMH 
4oNUMRoNUMSoNUMBW,NUMPoNUMFICOMX/CXoZBMoPHICoALPHAC•BION 

COMMON HLOSI6o60loRNGI6o60loXANGI300loYDBI300ioJP1•JCNT•WlNOI•TOTL 
lloTOTLNoi51oiTST,NTSToTHRML~THRDBoCDoZBloVFLAGoBANDll11loFRE3111lo 

20BillloBANDW,LOCATI3lo0ATE(2loAVELll30loASHI1130),T08(180loTDEGI18 
30loKP1oTRECLoTLEVoTGOPoRTGoGI300),WI300lolYTLE(8),CAP1l8loCAP2113l 
4oCAP3113loCAP4113loCAP5C13loCAP618)oCAP7C8loNMS2oFREG•PHINC 

DATA RADCON/57,2957795/ 
DATA AB/43642464,29E7/oASG/43789029,0QE7/oBSG/43496390.14E7/ 

C STORE ORIGINAL BoTTOM DEPTH FOR PLOT DATA 
ZBl=AVELPCNUMV-1> 

c 
C EARTH CURVATURE CORRECTION 
c 

c 

JPAIRS:NuMV/2 
ALAT;ALAT/RAOCON 
SlNL;SINIALATl 
COSL:COSCALATl 
SINLG;SINL•SINL 
COSLG:COSL•COSL 
ROL;ABISGRTIASG•SINLG+BSG*COSLGI 
DO 10 J;l,JPAIRS 
I2;2•I 
AVELPCI2J;AVELPII2l•ROL/CROL-AVELPII2•1ll 
AVELPII2·1l=AVELPII2•11•11,+CAVELPII2-1J/12.•ROLIJ+((AVELPII2-1l/R 

10Ll**2•)/3ol 
10 CONTINUE 

VFLAG:1,o 
ALAT:ALAT•RADCON 
RETURN 
END 
FUNCTION FUNSIA•X•NI 

C THIS FUNcTION INTERPOLATES THE SHIPPING HISTOGRAM 
c 
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DIMENSION All) 
ILAST:N 
I=l 
IFIX,GToAIII,AND,X,LEoAiiLASTll GO TO 10 
FU~S:Q,O . 
RETURN 

10 1=1+2 
IFCX.LE•AIIJ.AND,X,GToAII•2ll GO TO 20 
GO TO 10 

20 FUNS:A I I-11 
RETURN 
END 



c 

c 

FUNCTION FUNU !A,XtNI 

DIMENSION A(ll 
lLAST:N-1 
1=1 
IF (X.GT.A(IJI Go TO 10 
FUNU:A(2) 
RETURN 

10 I=I+2 
IF CX.LE.AIIII Go TO 20 
IF CI.LT.ILASTI GO TO 10 
GO TO 30 

20 IF !A(Il.EGeAII-211 GO TO 30 
IF <X,EQ,A(l)l Go TO 30 
FUNU:AII-1l+(A{l+11-A<I-1ll/IACil-A(I-2ll*(X-AII-2l) 
RETURN 

30 FUNU=A (1+1 I 
RETURN 
END 

SUBRoUTINE HLOSS IPHIEtR,SoORDP•GRADoHKSRl 

C THIS SUBROUTINE cOMPUTES ABSORPTION(HKlo SPREADING(HSJ, 
C AND REFRACTION(HRI LOSSES• 
c 
c 
c 

c 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

COMMON ICOMX/ CX,ZBMoPHicrALPHACtBION/COMCT/CVtTANPHS 

DATA FMIN/1.0E-6/rFMAXI1.0E12/ 
IF (ABS(PHIEl.LT.O.Oo01l GO TO 10 
FOCUS:ABS(CV/CX*R*SIN(PHIEl•DRDPJ 

GO TO 20 
10 FOCUS:ABS(CV/CX*R*TANPHS•CV/GRAD/3000.01 
20 IF !FoCUSoGT.FMlNoAND.FOCUS.LT.FMAXI GO TO 30 

PRINT 40, PHIErR,DROPrGRAD 
CALL EXIT 

30 HKSR:60o0+10.0*ALOG10CFOCUSl+ALPHAC*S 

RETURN 

40 FORMAT (5Xr 1 PHIErRtDRDPtGRAOtr4El2o61 
END 

FUNCTION HSURF INrNP> 

THIS SUBROUTINE cOMPUTES SURFACE REFLECTION 

N :NUMBER OF REFLECTIONS 
NP:PATH TYPE 

NP PATH REFL•S 
1 DU N-1 
2 DD N 
3 uu N 
4 UD N+l 
!5 DP 0 
6 SR 1 

LOSS 
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c 

c 

c 

c 

DATA HS/Q,5/ 

GO TO (1Qr20r20r30r40r50)r NP 
10 ENS:N-1 

GO TO 60 
20 ENS:N 

GO TO 60 
30 ENS:N+l 

GO TO 60 
40 ENS:O,O 

GO TO 60 
50 ENS:l,O 

60 HSURF:ENS•HS 

RETURN 
END 
SUBROUTINE PLT <PTESTl 

C THIS SUBROUTINE ,pLOTS THE DIRECTIONAL AMBIENT NOISE 
c 

c 

c 

c 

c 

COMMON ICOMV/ ZX,ZTGrRMAXrPHIDrDELPHrBNCS•OUTPTrWSPOrOGREHrSNPLTrS 
1SPLTrALATrBERNGrHOURrACTIVtRAINrHFLAGrZTGlrZTGN0rZTINCtRGTrRGTN0rR 
2GINCrTARGrTARGOrTARG1rTARG2rTARG3rSHIPOrSHLFRrSHLFS/COMX/CX,ZBMrPH 
3ICrALPHAcrBION 

COMMON HLOS(6r60)rRNG<6•60lrXANG(300lrYDB(300lrJP1rJCNTrWlNOirTOTL 
llrTOTLNri5lriTST,NTSTrTHRMLrTHRDBrCOrZB1rVFLAGrBANDLC11lrFRE3(1llr 
2DB(1llrBANDWrLOCAT(3ltDATEC2lrAVEL1C30lrASHilC30lrTOBC180)rTOEGC18 
301 rKPltTRECLrTLEVrTGOPrRTGrQC300l rWC300l rTYTLE(8) rCAPll8hCAP2<13l 
4rCAP3C13lrCAP4(13lrCAP5113ltCAP6C8ltCAP7l8~rNMS2rFREGtPHlNC 

INTEGER PN 

OATA BERNG/270,/,PN/0/ 

CT:CO+BO,O 
IBR:BERNG 
IDGR:OGREH 
OBMAX:-1oOOo 

IF CHFLAG.LT,O,O ,OR.HFLAG.GT,OoO .ANO,NUMF,GT.ll Go TO 10 
READ (5r160l ITYTLElilri:1r8) 
READ (5rl60l ILOcATIIlrl:lr3l 
READ C5tl60l IOATEIIlrl=1~2l 

10 CONTINUE 

C SET UP AND PRINT OUT HEADINGS IF REQUESTED 
c 
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ENCODE C40r160rCAP1l ITYTLE(Ilr I=1r8) 
WSP1=WSPO 
FRG=FREG•1000,0 
ENCODEC64r220rCAP2llLOCAT(Ilri=1r3lrFRG 
ENCODEC64r230rCAP3lCOATE(Ilri:lr2lrZX 
ENCODE<64,240rCAP4l WSP1,TOTLN 
ENCODE(64r250rCAP5l ZBlriOGR.IBR 
IF COUTPT oLE. 0,) GO TO 15 
PRINT 200• ICAP2Cilri=1rl3l 
PRINT 200r ICAP3Cilri:1o13l 
PRINT 200r ICAP4Cilri=1ol3l 



c 
c 

c 
c 

c 

PRI~T 2DOr (CAPSli)ri=lrl!) 
PRINT 170 
PRINT 180 

15 CONTINUE 
IF CPNoLEoOl CALL BALLPT ('PEN 2 BLACKS') 
PN:PN+l 

SKIP SORT IF PROP LOSS READ IN 
IFIPTEST,EGo1oOl GO TO 151 

SORT DATA AND SET MAX ANO MIN GRAPH LIMITS 
20 N=O 

..J=ISl-1 
DO :30 I=lrJr2 
N=N+1 
GINl:XANGCll 
IF IYDB(I)oLEoCD! YDBill:CO 

:30 wiNI:YCBCI l 
M=O 
DO 40 I=I51r..JP1r2 
M=M+1 
N=JCNT-M+l 
QINI:XANGIIl 
IF IYDBIII.LE.CD) YDBCil;CD 
IF CYDBIIl.GEoCTJ YDB(ll:CT 

40 wCNJ:YDBIIl 
N=..JCNT 
L=ISl+l 
DO 50 I=L.rJPlr2 
N=N+1 
GIN):XANGIIl 
IF CYDBIIloLEoCD) YDSIIl;CD 

IF CYDBIII.GE.CTJ YDBIIJ:CT 
50 W(N):YDB(ll 
60 M=O 

DO 70 I=2riSlr2 
M=M+1 
N=..JPl+l-M 
Q(NI:XANG(I) 
IF CYDBIIloLEoCDJ YCBIIl:CD 

70 WINJ:YDBIIl 

C PRINT ANGLE AND LEVEL WHEN PROP LOSS NOT READ IN IF REQUESTED 
IF (OUTPT oGTo 0,) PRINT 19Q,Q(llrW(llrGCJP1lrWIJP11 

c 
I=1 

80 SUM:O,O 
90 I=I+l 

IF CI,GE,JCNTI Go TO 110 
SUM:SUM+ABSIQIII-QII-111 
IF (SUM-1.0) 90•100r100 

100 L=JP1-I+l 
IF IOUTPT ,GT. 0,) PRINT 190rQill•WIIlrQ(L),W(L) 
GO TO 80 

110 IF COUTPT ,GT. 0,) PRINT 210 
CALL BGNPL Ill 
CALL PHYSOR 12.0,1.51 
CALL TITL.E ICAP1,-100r0rOr0•0•7•0•5•5> 
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c 

CALL ENDGR Ill 
CALL PHYSOR (2.0,1.51 
CALL TITLE llH •-lr•VERT!CAL RECEIVED ANGLE lllDEGillS•olOOo 1 NOISE 

1 LEVEL 11)08 RE IMIPA /STR HZ(llS 1 o100o7.0o~.8) . 
CALL HEIGHT 1.11 
CALL ANGLE 190.0) 
CALL MESsAGI•2st,1o0,-.7,3.2l 
CALL RESET I•ANGLE'l 
CALL RESET I•HEIGHT 1 l 
CALL YTICKS 121 
CALL XTICKS 131 
CALL FRAME 
CALL YAXANG 10.0) 
CALL INTAXS 
CALL MIXALF 11 L/cGREEK 1 l 
CALL GRAF I-90.0,30oOo90.0rCDr10.0rCTl 
CALL RESET I•MIXALF'l 
CALL HEADIN ICAP2o100rlo~l 

CALL HEADIN ICAP3o10Dolr~l 

CALL HEAOIN ICAP~olOOolo~l 

CALL HEADIN ICAPSolOOrlr~l 

CALL CURVE IQoWo~P1oOl 

C PLOT TARGET LEVELS IF CALLED FOR AND PROP LOSS NOT READ IN 
c 

c 

c 

IF(TGOPoLEeO.O.ORoPTESToEGol.Ol GO TO 130 
KP3:3•KP1 
DO 120 I:3oKP3r3 
~=I/3 

G<I-2l=TDEGI~l 

Q U-1 I :ToEG 1~1 
Q (I) :TDEG l~l 
lli<I•2>=co 
w-(1-l):ToB(J) 
lli<H=co 

IF IDBMAX.LT~TDBIJ)) OBMAX:TOBIJJ 
1~ (W(I•lloLEoCDl WII•ll:CO 

120 IF IWII-lloGE.CTl WII•ll:CT 
IZTGl:TGOP 
ENCODE(6~r260oCAP5l IZTGlrRTG 
ENCODEI6~o270oCAP~l TRECLrTLEV 
ENC00E(~Oo28DoCAP6l OBMAX 
ENCODE(~Oo290oCAP7l 

CALL HEIGHT 1.11 
CAL~ MESSA~ ICAP7ol00r~o7r~.~5) 
CALL HEIGHT 1.07) 
CALL MESSAG ICAP5ol00t~o3t~o25l 

CALL MESSAG ICAP~o100•~·~·~.l) 
CALL MESSAG ICAPot100•~·~•3o95l 
CALL DASH 
CALL CURVE (QoWtKP3rOl 
CALL RESET <•DASH') 
CALL RESET (•HEIGHT') 

130 CALL ENDPL (Ol 

RETURN 

C PRINT. OUT ANGLE AND LEVEL WHEN PROP LOSS READ IN If R~QUESTEO 
c 

151 I=o 
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c 

c 

152 l=I+1 
J:JP1+1•I 
lF !OUTPT oGTo 0,) PRINT 190o Q(JloWIJloQIIloWlil 
1FIJ•I•21 154o153ol52 

153 lF (OUTPT .GT, 0,) PRINT 190o GIJ•llrW(J-11 
154 CONTINUE 

GO TO 110 

160 FORMAT l13A5l 
170 FORMAT (///12Xr9HD/E ANGLEo5Xr11HNOISE LEVELo9Xr9HD/E ANGLEr5X11HN 

lOISE LEVELl 
180 FORMAT l14Xr5HlDEGlr10Xo7HIDBl *•12Xo5H!DEGlr10Xr7HIDBl */l 
190 FORMAT 13XrF16,1,F14,1oF~O.lrF14,1l 

200 FORMAT 11DX•12A5,A2l 
210 FORMAT I/7X•• * DB RE MICROPASCAL•*2/STERADIAN HZ 1 /1H1l 
220 FORMAT I•LOCATION 1 r4Xr3A5r10Xr 1 FREG IHZI••F16,1r•S') 
230 FORMAT (tDATE 1 o13Xo2A5olOXo•REC DEPTH (FTl•rF11olo'S'l 
240 FORMAT !•WIND SPEED IKTI '•F9.1•12Xr•SECT0R LEVEL lDB)trF8.1r 1 S 1 ) 

250 FORMAT !•BOTTOM DEPTH IFTI 1 rF8olr12Xt 1 HOR SEC IDEGl•oiStt AT 1 ti4,t 
1S') 

260 FORMAT l•----•ri4•' FT TARGET AT•rF7,1t 1 KYO s•l 
270 FORMAT IF7olr' DB REC FRoM'oF7olo 1 DB SOURCES') 
280 FORMAT lF7olo 1 DB MAX ONE DEGREE AVERAGES') 
290 FORMAT (t TARGET DATA Stl 

END 

SUBROUTINE PRINTs 

C THIS SUBROUTINE PRINTS THE INITIAL PARAMETERS 
c 

c 

c 

c 
c 

DIMENSION DOUT124l 

COMMON ICOMV/ ZX,ZTGoRMAXrPHIDoDELPHrBNCS•OUTPTtWSPDtDGREHrSNPLTtS 
lSPLToALATtBERNG•HOURtACTIVoRAINtHFLAGtZTGltZTGNOtZTINCoRGToRGTNOtR 
2GINCoTARGtTARGOtTARGltTAHG2tTARG3rSHIPDrSHLFRrSHLFS/COMA/AVELP!30l 
3rAHBI~OltARESP!3olrASHIP!30ltABWI3DloAPROP(30ltADANFI30ltNUMVrNUMH 

4rNUMRrNUMSrNUMBW,NUMPoNUMF 
COMMON HLOSI6o60)oRNGl6o60loXANGI300ltYDBI300loJPl•JtNToWINDI•T0TL 

1ItTOTLNti51tiTST,NTSTtTHRMLoTHRDBrCDoZBloVFLAGoBANDL!llloFRE3(11lt 
2DBI11lrBANDWtLOCATI3lrDATEI2ltAVELll30lrASH11130lrTOB(180lrTDEGI18 
30ltKPloTRECL,TLEVrTGDPrRTGoQ!300loW(300),TYTLEI8ltCAP118l•CAP21131 
4oCAP3(13loCAP4113lrCAP5113loCAP618ltCAP7(8lrNMS2tFREGoPHINC 

DATA BLANK/5H 

C SORT SHIPPING HisTOGRAM ARRAY 
c 

I=-1 
K=•1 

1 K=K+2 
I=I+2 
IFIKoGEoNUMSI GO TO 4 
GII):ASHIPIKI 
Q(I+l):AsHIPIK+l) 
WII>=20000. 
w<I+1>=4oooo. 
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c 

c 

2 ~FIASHIPIK+2loGE,O,O> GO TO 1 
IFIASHIPIK+2),LE,-50,) Go TO 3 
w<I>=-ASHIPIK+21 
K=K+l 
GO TO 2 

3 W<l+l):-ASHIPIK+21 
K=K+l 
GO TO 2 

4 QIII=ASHIPIKI 
wii1=20000o 
w<I+ll=4oooo. 
NUMQ:I+l 

MAX:MAXO(NUMVrNUMRrNUMHrNUMGrNUMBW) 

C PRINT INPUT VARIABLES 
c 

c 
c 

c 
c 
c 

c 
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PRINT 70 
PRINT 80, FREGrZXrZTGrPHIDrDELPHrBNCSrWSPDrDGREH,BERNGoHOURrACTIVo 

lRAINrALATrSNPLTrsSPLTrHFLAGrZTGlrZTGNOrZTlNCrRGTrRGTNOrRGINCrTARGo 
2TARGOrTARG1oTARG2oTARG3rSHIPOrSHLFRrSHLFS 

PRINT 90 
PRINT 100 

PRINT ARRAYS 

DO 60 ..J:lrMAXr2 
DO 10 I=lr24 

10 DOUTII>=BLANK 
lF i..J,GT.NUMVI Go TO 20 
ENCODEI20rllOrDOuTI21l AVEL1lJir AVEL1(J+1l 

20 IF (..J,GT,NUMHI Go TO 30 
ENCODEI20rl10r00UTI61l AHB(J),AHB(..J+ll 

30 IF (J,GT,NUMRI Go TO 40 

ENCODEI2orl10rDOuT<lol> ARESP(Jl,ARESPCJ+ll 
40 IF (..J,GT,NUMQI Go TO 50 

IF (J,GE,NUMQ-1) GO TO 44 
SUM=W (J)+lrii..J+l I 
IF CSUMoLT.55000,) GO TO 41 
ENCODEI25r1JOrDOuT1141l Q(JirGI..J+ll 
GO TO 50 

41 IF (SUMoLTo35000,) Go TO 42 
ENCODEI25rl30rDOuT114ll Q(..J),QI..J+llrW(..J) 
GO TO 50 

42 IF (SUMoLTo15000,) GO TO 43 
ENCODEI25rl40rDOuT114ll QIJ),QI..J+llrWIJ+ll 
GO TO 50 

43 ENCOOEI25r130rOOuT11411 Q(JI~QIJ+llrlrii..J1rlrii..J+ll 
GO '!'0 50 

44 ENCOOEI2or130rDOuTC14ll Q(..J) 
50 IF (..J,GT.NUMBWl GO TO 60 

ENCOOE(2QrllOrDOuTC19ll ABWI..JlrABW(..J+l) 
60 PRINT 120r IDOUT(KlrK=lr24l 

RETURN 



c 

70 FORMAT 111114BX•••• INITIAL PARAMETERS **'Ill 
80 FORMAT laX•FREQ :• F6.3t KHZ 1 5XiZX :•F6,1' FT'6X•ZTG :• F6,1 

1' FT•6X'PHID ='F6.1• OEG 1 5X•DELPH :•F6.1' DEG•/SX'BNCS :•F6,1•9X 
2 1 WSPD :tF6o1 1 KT '5X 1 0GREH :•F6,It DEG•SX•BERNG :•F6,1' OEG'SX'HO 
3UR :•F7,216X 1 ACTIV :•F6,1o9X•RAIN :•F6,1• INIHR 1 3X'ALAT :•F6•1' 
4 DEG•SX•sNPLT : 1 F6o1o9X•sSPLT ='F6.118X 1 HFLAG :•F6•lo9X•ZTG1 :'F6 
5.1' FT'6X•ZTGNO :'F6.1o9X'ZTINC : 1 F6.1' FT•6X'RGT :'F6.1' KYO '/ 
6BX'RGTNO ='F6olo9X'RGINC .='F6.1' KYO '4X•TARG =•F6.1o9XtTARGO =•F 
7&olo9X'TARG1 :•F6ol/8X 1 TARG2 :•Fc.1o9X 1 TARG3 :tF6.lo9X•SHIPO :tF6, 
81•9X 1 SHLFR :•F6•1' NMI 1 5X 1 SHLFS :•F6.1///) 

90 FORMAT 111XotVEL PROFILE•o9X,•BOTTOM LOSS 1 t10Xt'BEAM RESPto9X 1 SHIP 
!PING HISTOGRAM'•I1Xr•BANOWIDTH 1 1) 

100 FORMAT I 9Xr 1 FT FT/sEC•olOX,•DEG oB•o12Xo•OEG DB'•7X•' NM 
11 SHIPS KT FT'o8Xo 1 HZ DB DOWN 1 /J 

110 FORMAT IF10o1oF8.1J 
120 FORMAT 124A5l 
130 FORMAT IF7.1r2F6.1rF6o0l 
140 FORMAT IF7.1oF6olr6XrF6oOI 

END 

SUBROUTINE RAPATH IICZrPHISrDELRl 

C THIS SUBROUTINE GENERATES RAY PATHS AND CORRESPONDING 
C PROPAGATION LOSSES FoR BB AND CZ MODES. RAY PATH 
C COMBINATIONS ARE OBTAINED FOR UP TO NMAX BOTTOM 
C REFLECTIONSIOR,REFRACTINoNSJ FOR EACH 0/E ANGLEIPHISI. 
c 

c 

c 

c 
c 

DIMENSION SX14lt STI4l 

COMMON ICOMV/ ZX,ZTGoRMAXrPHIO•DELPHoBNCSrOUTPToWSPDrOGREH•SNPLTrS 
1SPLToALATrBERNG•HOURoACTIVtRAIN•HFLAGoZTG1rZTGNOoZTINCoRGToRGTNOoR 
2GINCoTARGoTARG0rTARGloTARG2rTARG3rSHIPDrSHLFRrSHLFSICOMA/AVELPI30l 
3oAHBI301 1 ARESPI3QloASHIPI30lrABWI30JoAPROPI30)oAOANFI30loNUMVoNUMH 
4oNUMRoNUMSoNUMBW 0 NUMPoNUMF/COMXICXrZBMoPHlCoALPHAC•BION/COMCT/CVoT 
5ANPHS 

COMMON HLOSI6o60JoRNGI6o60loXANGI300lrYDBI300JoJPlrJCNTrWINDirTOTL 
1I•TOTLN•I5lriTST,NTSTrTHRMLrTHRDBoCOoZBltVFLAGoBANOLI1ll 0FRE3111lo 
20BillloBANDWoLOCATI3loOATEI21oAVEL1130loASHI11301oTOBI180)oTDEGI18 
30ioKP1oTRECLoTLEVoTGDPoRTGrQI300JoWI30dJ,TYTLEI8roCAP1181oCAP2113J 
4oCAP3(131oCAP4113loCAP51I3loCAP618loCAP718loNMS2rFREQoPHINC 

DATA RADCON/57.2957795/ 
DATA ISXIIloi=1•4ll-l.Oo-loOolr0oloO/ 
DATA ISTIIIoJ:lo4l/-lo0o1.0r-lo0rloO/ 

COSPHS:CoSIPHISI 
cV:CX/COSPHS 
CALL VERTEX IZLO,ZHII 
IF IZTGoLToZHI.ORoZTGoGT,ZLOI GO TO 90 
TANPHS:StNIPHISl/COSRHS 
PHI=57o296*PHIS 

C RAYTRACE FROM SOuRCE TO BOTTOM 

c 

CALL RAYTRC IPHisoZX,ZBM,SXB,RXB,ORXBrPHIBOToGRADBoZENDl 
BRL:FUNUIAHBoRADcON•PHIBOToNUMHI 

C RAYTRACE FROM SOuRCE UP TO SURFACE 
CALL RAYTRC 1-PHzS,o.o,zxoSXSoRXSoDRXSoPHIE,GRADSoZENOl 
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c 

ZSURF:O.o 
NS:o 
IF IPHIE.NEoOoOI GO TO 10 
IF IZEND.NEoOoOI NS=1 
ZSURF:ZEND 

10 CONTINUE 
IF IZTGoEQoZXI Go TO 20 

C RAYTRACE FROM SURFACE (OR VERTEX DEPTH> DO~N TO TARGET 
CALL RAYTRC IPHIE•ZSURFoZTGoSST•RSToDRST,PHNDoGRAOToZENDI 

c 
c DlRS IS THE NOISE SOURCE DIRECTIVITY 
c 

c 

c 

EXPN:5o729*PHND 
IF IPHNO.LTo.3491) EXPN=2•0 
DlRS=l•+<SINIPHNDI*•EXPN-lol*l2o•FREQ-.02l 
IF (ZEND,EQoZTGI GO TO 30 
wRITE (o,lOOI ZEND 
GO TO 30 

20 ssT=sxs 
RST=RXS 
DRST:oRXs 
PHND=PHIS 

30 CONTINUE 
R=2,0•RXB-RXS-RST 

C LIMIT TO FIVE BOTTOM BOUNCES 

c 

IF. IICZ•EQ,O,AND,NMAXoGT,51 NMAX:5 
00.40 N::l,NMAX 
EN:N 
HBOT:o.o 
iF (lCZoEQ,OI HBoT=EN•BRL 
RN:2.0*EN•<RXB+RxSI 
SN:2.0*EN•ISXB+5XSI 
ON:2.0*EN•<DRXB+oRXSI 
DO 40 K=lo4 
PS:-SXIKI•PHIS 
lF (PSoLT.PHMINoORoPSoGT,PHMAXI GO TO 40 
RK:RN+SX(KI•RXS+sTCKI•RST 

C MAXIMUM RANGE CHECK 
c 

c 

SK:SN+SXIKI*SXS+sT<KI•SST 
OK:DN+SXCKI*DRXS+STCKI*DRST 

C ELIMINATE CAUSTic BY RESTRICTING DK 
IF CABSIDKI.LE,l,) DK=l. 

c 

c 
c 

HSB:HSURF(NoKI+HsoT 
CALL HLOSS IPHND,RK•SK•DK•GRADT•HKl 
HK:HK+HSB+FUNUIARESPoSXIKI*PHI•NUMRl 
CALL SUMINT IKoN,NMAX•RK,HK•PHI•DIRSl 

40 CONTINUE 

C DIRECT PATH 
41 K=5 

s=-1.0 
IF IZX-ZTGl 50•8o,60 
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c 

50 PN:PHIS 
PX:PHIS 
GO TO 70 

60 PN:-PHIS 
PX:-PHIS 

70 RK:ABSIRXS+S•RSTl 
I~IPN,LT.PHMINoOR.PN,GT.PHMAXl GOTO 80 
~K=ABSISXS+S•SSTl 

OK:ABSIDRXS+s•DRsTl 
HS:HSURFil•Kl 
CALL HLOSS IPHND,RK•SK•D~•GRADToHKl 

HK:HK+HS+FUNUIARESP•PNoNUMRl 
CALL SUMINT IK•N,NMAXoRK,HKoPHI•DIRSl 

80 IF (K,EQ,bl GO To 90 

C SURFACE REFLECTED PATH 
K=6 

c 

c 

c 

c 
c 

N:NMAX+2 
s=l.o 
PN:-PHIS 
PX:PHIS 
GO TO 70 

90 CONTINUE 
OELR=R-RLAST 
RLAST:R 
RETURN 

ENTRY PRERAY 
NTST:o 
ITST:l 
RLAST:20o,O 
NMAX:SNCS 
PHMAX:PHI0+0,5•DELPH 
PHMIN:PHMAX-DELPH 
IF (PHMIN,GE, o:ol ITST:2 
PHMAX:PHMAX/RADCoN 
PHMIN:PHMIN/RADCoN 
RETURN 

100 FORMAT I//5X,~HZEND•El2.c//l 

END 

SUBROUTINE RA YTRc (PHIS, ZUP rZLO• SP oRP, DROP tPHIEND, GRADoZNP 1 I 

C PHIS POSITIVE MEANS DOWN-GOING RAYo TRACES FROM ZUP TO ZLO 
C PHIS NEGATIVE MEANS uP-GoiNG RAY, TRACES FROM ZLO TO ZUP 
c 

COMMON /COMA/ AVELPI30ioAHBI30l•ARESP(30l•ASHIPI30loABWI301oAPROP( 
1SOlrAOANF(30),NUMVrNUMHrNUMR,NUMsoNUMBW•NUMP,NUMF/COMCT/CV•TANPH$ 

c 
c 

RP=o.o 
sP=o.o 
ORDP:o,O 
SINPN:SINIPHtSl 
COSPN:COs(PHISI 
PHIN:PHIS 
N=l 
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C TEST FOR NEGATIVE PHISTAkT 
IF IPHIS.LT.o.O> GO TO 20 

c 
C PHIS POSITIVE• DoWN-GOING RAY 

ZN:ZUP 
10 NUM=N 

LL=l 
GO TO '+0 

c 
C PHIS NEGATIVE• UP-GOING RAY 

c 

20 ZN:ZLO 
30 NUM:NUMV-N 

LL:2 

'+0 AZN=AVELP(NUMI 
IF ((lNoLToAZNioAND.tLL.EQolll GO TO 50 
IF C<ZNoGT.AZNioAND.tLL.£Q.2)l Go TO 50 
N=N+2 

c 

c 

GO TO tlor30lr LL 

50 ZNPl=AZN 
IF CABSIZNPl-ZNl.LToOoOOll GO TO 150 
IF (ZNPl.GToZLOI ZNPl=ZLO 
IF (ZNPl.LToZUPI ZNPl=ZUP 
CN:FUNUIAVELPrZN,NUMVI 
CNPl:FUNUIAVELP•ZNPlrNUMVl 

C TEST FOR VERTEXING RAY 
lF (CNPl.GToCVl GO TO 60 
PHINPl=ACOSICNPl/CVI 

c 
c 

60 

70 
c 
c 

c 
c 

c 
80 
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IF (PHlS.LToOoOl PHINPl:-PHINPl 
COSPNl:CNPl/CV 
SINPNl:SQRT<l.O-cOSPNl*COSPNll 
IF IPHIS.LT.o.Ol SINPNl:•SINPNl 

GO TO 70 

VERTEXING RAY COMPUTATIONS 
ZNPl:ZN+(CV-CNI/(CNPl-CNl•<ZNPl-ZNl 
CNPl:cV 
PHINPl:O.O 
COSPN:l.o 
COSPNl=l.O 
SINPNl:O.O 
OELZ=ZNPl-ZN 

TEST FOR VERTICAL PROFILE 
IF IABSICNP1-CNI.GToOo00001) GO TO 80 

VERTICAL PROFILE COMPUTATIONS 
OELRP:OELZ*COSPN;SINPN 
RP:RP+DELRP 
DELSP:DELRP/COSPN 
SP:SP+DELSP 
GO TO 90 

~RAO:(CNPl-CNI/DELZ 

RHO:CV/GRAD 
OELRP:RHo•ISINPN-SINPNll 



c 

c 

kP:RP+DELRP 
DELSP:RHO•IPHIN•PHINPll 
IF IDELSP,LT,O.O) ITEST:1 
SP:SP+DELSP 

90 CONTINUE 
IF IITEST,NE,Ol wRITE 16,160) ZN,ZNPl•CNoCNPloCOsPNoCOSPNloRP•SP 
ITEST:o 

C TEST FOR LAST TIME THRU FOR VERTEXING RAY 
lF IABSicV•CNPll,LT.o,OOOOl) GO TO 120 

c 
C TEST FOR HORIZONTAL ENTRANCE RA~ 

lF IABSIPHINloLT,O.OOOll GO TO lQO 
lJRDP=DRDP·DELRP/siNPN/SINPNl 

c 

GO TO 110 
100 URDP=DRDP·RHO/ABsiSINPNlJ 
110 CN:CNP1 

ZN:ZNPl 
PHIN=PHINPl 
N=N+2 
SINPN:SINPNl 
COSPN:COSPNl 
IF IIZNP1.EG.ZLOJ,OR,IZNPleEG•ZUPll GO To 130 
IF IPH!Sl 30,10•10 

C VERTEXING RAY • MUST EXIT 

c 

c 

c 

c 

c 

120 CONTINUE 
ORDP=DRDP+RHO/ABsiSINPNl 
PHIENO:.O,O 
GO TO 140 

130 PHIEND=ABSIPHINP1l 
140 RP:RP/3000o0 

SP:SP/3000•0 
URDP=DRDP/3000.0•TANPHS 

RETURN 

150 wRITE 16,170) ZNP1 

RETURN 

160 FORMAT llX2HZN10X4HZNP18X2HCNlOX4HCNP18X5HCOSPN7X6HCOSPN16X2HRPloX 
12HSP/8E12,6l 

170 FORMAT (/I'ZNPl=zN='El0.4l 
END 

SUBROUTINE READIN (WORD> 

C THIS SUBROUTINE READS THE INPUT PARAMETERS 
c 

c 

INTEGER PAUSErPARAMoHEADERoENDATArPRLOSrWORD;BLANK•ASTRSKtDOT•VNAM 
lEoANAME•SLSH,DATAoEQU 

COMMON /COMV/ VRsLI3ll/CuMA/ARRAYI30t7loNUMA(7)/COMH/IHDR(l6l/COMX 
1/CXoZBMoPHICoALPHACoBION 

COMMON HLOSI6o60)oRNGI6o60loXANG(300lrYDBI3DDloJPl•JCNT•WlNDI•T0TL 
1IoTOTLNri51oiTST,NTSTrTHkMLtTHRDBoCDo2Bl,VFLAG•BANDL(1l),FRE3(11l.o 
2UB(11JoBANDWoLOCATI3loDATEI2loAVEL113DloASHI1(3DloTDB(18D)oTDEGI18 
3DloKP!rTRECLoTLEvoTGOPoRTGoG(300loWI300l,TYTLEI8loCAP11Bl•CAP2113l 
4oCAP3(13loCAP4113)oCAP5!13loCAP6!8loCAP7(8),NMS2,FREGrPHINC 
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c 

DIMENSION VNAMEI31)o ANAMEI7Jr DATAI5), !DATA{16), .JDATAC811 
DATA ( VNAME I I l, I:l• 3ll/5HZX , 5HZTG ; 5HRMAX , 5HPHI D , 5HDELPH, 5HB 

lNCS o5HOUTPT,5HWsPD ,5HDGREH,5HSNPLTrSHSSPLTo5HALAT ,5HBERNGr5HHOU 
2R o5HACTIVo5HRAIN t5HHFLAGo5HZTG1 r5HZTGN0r5HZTINC•5HRGT •5HRGTNO 
~o5HRGINC,5HTARG ,5HTARG0,5HTARGlo5HTARG2o5HTARG3,5HSHIPDr5HSHLFR, 
4!jHSHLFS/ 

DATA NV/311 
DATA (ANAME(Ilol:lo7J/5HAVELP•5HAHB o5HAR~SPo5HASHIP•5HA6W ,5HAP 

1ROP,5HADANF/ 
uATA NA/7/ 
UAT. PAUSE•PARAM,HEAOER•ENDATA•PRLOS ;8LANK•ASTRSK•DOT/ 1 PAUSE'•'PA 

1HAM'• 1 HEADE'•'ENo-o•,•PRL05'•' '•'•'•'•'/ 
DATA KOMAI'•'/oSLSH/•/ 1 /,EQU/'='1 
DATA KlNN/1/,KOUT/2/ 
lF IWORD,NE.PRLOsl WRITEI6•2~01 

C READ AND PRINT INPUT CARU 

c 

10 READ 15•2401 KINNriiDATAIIXl,IX=1•16l 
WRITE 16,2401 KOuTr!IDATAIIXI•IX:1,161 
K=l 
DECODEI80•25QoiDATA) IJDATA(JX)oJX:l,80l 

C SEARCH FOR BEGINING OF LABEL 

c 

20 DO 30 J=Ko80 
IF IJDATAIJI,EQoKOMA) JDATACJl=BLANK 
IF !JOATACJJ,EQ,SLSHI JDATAJJ):BLANK 
IF (JOATACJI,NEoBLANKl GO TO 40 

~0 CONTINUE 
GO TO 10 

C FIND THE END OF THE LABEL 

c 

40 LlO 50 K=Jr80 

lf IJOATA<Kl,!O·EGUI ~0 TO 60 
IF !JDATA(KI,EG•BLANK) GO TO 60 
IF !JOATA!Kl,EQ•KOMAJ GO TO 60 
IF CJOATACKl,EGoSLSHJ GO TO 60 

50 CONTINUE 
GO TO 80 

C PACK UP TO FIVE CHARACTERS OF LABEL INTO CONTROL WORD 

c 

60 KS:K 
JDATAIKI:BLANK 
IF IK-JoGTo5l K5:J+4 
DATA Cll:BLANK 
ENCODEil0•250oDATAl (J0ATAIJXI•JX:J,K5l 
WORO:QATA ( 11 
IF IWoRD,EGoPAUS[,QR,WOROoEG.ENDATA.OR,woRO.EQ,PRLOSI RETURN 
IF IWORD,[Q,HEAD~Rl GO Tu 210 
IF !WORD,EGoPARAMl GO TO 20 
IF CWORO,EGoASTRsKl GO Tu 200 

C SEE IF LABEL IS A PARAM oR ARRAY 
uO 70 I=lrNV 
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IF IWORO,EQ~VNAMEIIll GO TO 90 
IF !I,GT,NAI GO TO 70 
IF (WORD.EQ•ANAME!Ill GO TO 180 

70 CONTINUE 



C MUST BE AN ERROR 

c 

80 ~RITE 16,2601 WORD 
bO TO 220 

C SET UP To PROCESs SINGLE VALUED PARAMETER 
90 ASSIGN 170 TO JAo 

KIND:1 
c 
C PUT VALUE STRING TOGETHER 

c 

100 DO 110 J:KoBO 
lF IJDATAIJI.EQoBLANKI GO TO 120 

110 CONTINUE 
120 DO 130 K:JoBO 

IF (JDATAIKI.EQ•KOMAI GO TO 20 
lF CJDATACKI.EQ•SLSHI GO TO 20 
IF CJDATAIKI.EQo[QUI JDATAIKI=BLANK 
lF (JDATAIKI.NEoBLANKI GO TO 1~0 

130 CONTINUE 
VAL=o.o 
GO TO 10 

1~0.NDOT:Q 

DO 150 J:KoBO 
lF CJDATACJ).EQoBLANKI GO TO 160 
IF (JDATAIJI.EQoDOTI NDor=NDoT+l 
IF IJDATAIJI.EQoKOMAI GO TO 160 
IF CJDATAIJl.EQ•SLSHI GO TO 160 

150 CONTINUE 
J=81 

160 KAR=JDATAIJI 
JDATACJI:BLANK 

C INSERT A DECIMAL POINT IF NUMBER HAD NONE 
IF INDOT.EQoOI JDATAIJI:oOT 

c 

DATA ll>:BLANK 
DATA 121:BLANK 

ENCODEI10o250oDATAIIJDATAIJXIoJX:KoJI 
JDATACJI:KAR 

C FORM THE VALUE As A REAL 
DECODE 110o270oDATAI VAL 
K:J 

c 
C GO TO STORE PARAMETER OR ARRAY ELEMENT 

GO TO JADo (170o1901 
C STOR SINGLE VALUE IN THE RIGHT SPOT AND GO BACK FOR MORE IF CARD N 
c 

170 VRBL( I I =VAL 
IF IK.GE.SOI GO TO 10 
GO TO 20 

c 
c SET UP To PROCESs ARRAY ELEMENTS 

180 ASSIGN 190 TO JAD 
c 
C VFLAG IS THE VELOCITY PROFILE RERUN FLAG FOR CURVATURE 
c 

IF CI.EQ.ll VFLAG=O·O 
KIND=2 
NX:O 
GO TO 100 
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C UPDATE NUMBER OF ELEMENTS FOR THIS ARRAY AND STORE THE VALUE 

c 

190 NX:NX+1 
ARRAY INX, I I =VAL· 
NUMAIII=NX 
lF IK,GE,BOl GO TO 10 
IF IJDATAIK),EQ•BLANK) GO TO 100 
GO TO 20 

200 IF IKIND,EQ,z) Go TO 100 
GO TO 80 

C READ AND STORE THE TITLE INTO THE COMMON AREA 

c 

c 

c 

210 READ 15•2~01 KINNriiHDRIIXlolX=1,161 
WRITE lb,2~0) KOuT•IIHDRIIXIoiX=lo161 
GO TO 10 

220 CALL EXIT 

230 FORMAT 11H1//I 
2~0 FORMAT IT*•l6A5l 
250 FORMAT CaOAll 
260 FORMAT (//10X'ERROR IN INPUTS- ••ASl 
270 FORMAT IFlO.ol 

END 

SUBROUTINE ScLNCE ITMIN•TMAXtND•SNMINoSNMAXrSNINCl 

C THIS SUBROUTINE PRODUCES A NICE SET OF SCALE NUMBERS FOR A PLOT AX 
C INPUTS AR"E THE DATA MIN tTMIN'•DATA MAX ITMAX 1 • AND THE REQUIRED N 
C INTERVALS ALONG THE AXIS 'N0 1 o THE ROUTINE OUTPUTS A NEW MIN 'SNMI 
C MAX 'SNMAX'• AND INCREMENT 'SNINC• FOR N0+1 READABLE VALUES 
c 

c 

DIMENSION POWTEN17l• TICVALI81 

DATA CPowTEN<I>•x=1r71/lo •• too.ttooo.,loooa •• 1o0odo.,1ooooo~ •• looo 
10000./ 

C A-LLOWABLE VALUES ARE SOME tTICVALt TIMES SOME POWFR OF TEN 
DATA !TICVAL!I>•r=1•8)/0,5o1,0o1,5o2.0o5,0o10ool5,r20e/ 
UIV=ND 

c 
C SET UP ROUNDING VALUE 

ROUND:O,Ol 
ST:nnN 
IF (SToLT,O.ol RoUND:ROUND-1,0 

c 
C DETERMINE FIRST GUESS AT INCREMENT 

Q:ITMAX•TMINI/DIV 
P:l,O 
IF CD,LT.lOoOl Go TO 30 

c 
C REDUCE INCREMENT TO RANGE 11 • lOl 

DO 10 1:2,7 
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IF IPOWTENIIJ,GT,DI GO To 20 
10 CONTINUE 
20 P=POWTENII-11 
30 D=O/P-O.ol 



C FIND FIRST ALLOWABLE TICVAL 
00 40 1=1•7 

c 

IS: I 
IF ITICVALIIl.GE.D) GO To 50 

40 CONTINUE 

C COMPUTE NEW INCREMENT 

c 

50 o:TICVAL!ISl•P 
sT:D•AINTIST/D+RoUNDl 

c TEST NEW INCREMENT To MAKE SURE DATA WILL FIT IN NEW RANGE 
TEST:ST+(DIV+O.Oll*O 

c 

IF ITEST.GEoTMAXI GO TO &6 
IS:IS+l 
GO TO 50 

C COMPUTE NEW MIN AND ADJUsT 

c 

60 ST:ST-AINTIIDIV+!ST-TMAXI/DI/2oOI•D 
IF IST*TMINI 70•70r80 

10 sr:o.o 
80 SNMIN:ST 

C COMPUTE NEW MAX 
SNMAX:ST+D*DIV 
SNINC:D 
RETURN 
END 

SUBROUTINE SHIPlN ISHIPII 
c 
C THIS SUBROUTINE CONSTRUCTS THE SHIPPING DENSITY NOISE INTENSITY 
C HISTOGRAM 
c 

COMMON /COMV/ ZX,ZTG,RMAXrPHIDoDELPHrBNCS•OUTPToWSPDrDGREHrSNPLToS 
lSPLToALAT•BERNGrHOUR,ACTIVrRAIN•HFLAGoZTGloZTGNO,zTINC,RGToRGTNOoR 
2GINCoTARGoTARGO•TARGlrTARG2rTARG3rSHIP0rSHLFRrSHLFS/COMA/AVELP(301 
3rAHBI30I,ARESPI3ol•ASHIPl301,ABWI301•APROPI301•ADANFI301•NUMV•NUMH 

c 

c 
c 

c 

c 

4,NUMRrNUMS•NUMBW,NUMPoNUMF . 
~OMMON HLOSI6o60)oRNGI6o60lrXANGI300l•YDBI300I,JPloJCNT•WlNDI•TOTL 

li•TOTLN•I5loiTST,NTSToTHRML•THRDBoCD,ZBloVFLAG,BANDLilllrFRE31111, 
20Billl.rBANOW,LOCATI31•DATE(2)•AVEL1136lrASHili30I,TDBl180),TDEGI18 
30lrKPlrTRECLoTLEVrTGOPoRTGrQI300lrW(3001oTYTLEI81,CAP1(81tCAP2113) 
4rCAP3113JrCAP4113l•CAP51131rCAP618)rCAP7!81oNMS2rFREQrPHINC 

REAL LMULT 

J:o 
K=NUMS-2 

DO 40 I=l•K•2 

C INITIALIZE PARAMETERS 
c 

LMULT:l.o 
SMULT:loO 
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C STORE SHIPS AND FIRST RANGE OF RANGE INCREMENT 
c 

RANG1:ASHIPIII 
sHIPS:ASHIPII+11 
~=J+2 

10 IFIASHIPII+2J.GE.O.OI GO TO 30 
c 
c CALCULATE INTENSITY MULTIPLicATION FACTORS FOR SHIP SPEED 

AND LENGTH 
IFIASHIPII+2l.LE.-50.l GO TO 20 
ADSHP:50.•ALOG10(-ASHIPII+2l/12ol 
SMULT:2•••1ADSHP/3o01031 
I=I+1 
GO TO 10 

20 ADLNG:20.•ALOG10(-ASHIPII+2)/300.1 
LMULT=2·••1ADLNG/3o0103l 
r=I+l 
GO TO 10 

c 
c CALCULATE AREA AND CoNSTRUCT SHIPPING DENSITY NOISE INTENSITY 

c 

c 

c 

c 

HISTOGRAM 
30 RANG2:ASHIPII+21 

AREA:,OOB726o*IRANG2•*2-RANG1**2l*DGREH 
DENS:SHIPS*10000.IAREA 
ASHI11J-1l=RANG1•2• 
ASHilCJ>:DENs•sHrPI•sMULT•LMuLT 

40 CONTINUE 

NMS2:J+l 
ASHI1(J+1J:RANG2•2• 

RETURN 

END 

SUBROUTINE SSPLOT 

C THIS SUBROUTINE ~ILL PRODUCE A CALCOMP PLOT OF A SOUND SPEED PROFI 
C •DISSPLA•. THE DEPTH VALUES ARE ALONG THE X AXIS AND THE VEL VALUE 
C THE Y AXIS• THE PLOT WILL BE DRAWN ON A 8•5 X 11 INCH PAGE WITH AU 
c 

c 
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DIMENSION LABELC14lr XllSir Yl151 
COMMON /COMV/ ZX,ZTG,RMAXrPHIDrDELPHrBNCS•OUTPTrwSPDrDGREHrSNPLT,s 

1SPLTrALAT•BERNG•HOURrACTIVrRAINrHFLAGrZTG1•ZTGNO,zTINCrRGT•RGTN0rR 
2GINCrTARGrTARG0•TARGlrTARG2rTARG3rSHIPDrSHLFRrSHLFS/COMA/AVELP(30J 
3rAHBI30lrARESPI3olrASHIPI301rABWI301rAPROPI30)rADANFC301rNUMVrNUMH 
4rNUMRrNUMSrNUMBW,NUMPrNUMF 

COMMON HLOSior60JrRNGI6•60lrXANG(300)rYDBI3001rJP1•JCNT•WINDirTOTL 
1IrTOTLNri51rJTST,NTSTrTHRMLrTHRDBrCDrZBlrVFLAGrBANPLillloFRE3C111, 
2DBC111rBANDWoLOCATI31rDATEI21rAVEL1130irASHI1130I,TDB(180),TDEGI18 
30),KPlrTRECLoTLEVrTGDPrRTGrGC3001rW(300I,TYTLEI8lrCAP11BlrCAP2(13l 
4rCAP3113lrCAP41131rCAP5113lrCAP618lrCAP718loNM52rFREGrPHINC 

DATA NP/100/ 

NP:NP+l 
NV:NUMV/2 



C BEGIN PLOT 

c 

CALL BGNPL INPl 
IF IHFLAGeLT.O.O,ORoSNPLToGT,OeOl GO TO 10 
READ (5r50l ILOCATill•I=1•3l 
READ !5r50l !DATEIIl,I=lo2l 

10 CONTINUE 
ENCODEI40o 7QoCAp2liLOCATIIloi=1,3l 
ENCODE140o 80oCAp3liDATE!Iloi=l•2l 
CALL TITLE llH •-loOo0oOo0r5,0o3,Q) 

C FIND RANGE OF SOuND sPEEU 
YMIN:600Q.O 

c 

YMAX:O.O 
DO 20 I=loNV 
XII):AVEL112•I-ll 
YIIl:AVEL112•Il 
IF !YIIl,GT.YMAX) YMAX:Y(ll 
IF !Y(Il,LT.YMIN) YMIN=Yill 

20 CONTINUE 

C FIGURE OUT NICE sCALES FoR X AND Y 

c 

CALL SCLNCE IYMINrYMAXo5,YMN,YMX,YINCl 
CALL SCLNCE (XIl)rXINVlolOoXMIN•~MAX,XINCl 

C SET UP AND DRAW THE X AND Y AXlES 
CALL BANGLE 1180,0) 
CALL BSHIFT (4,5,3.01 
CALL GRAF IXMINoXINCoXMAXoYMNrYINCoYMXl 

c 
C SET UP THE REQUIRED ALPHABET 

CALL BASALF ! 1 L/cSTD•l 

c 

CALL MIXALF !•STANDARD'! 
CALL HE~GHT (0,1) 

CALL CURVE IXrYrNVrOl 
c 
C MAKE AND LABEL X AXIS 

c 

XTMP:XMIN 
00 30 I=lrll 
IXTM:XTMP 
ENCODE 110o60oLAaELI13ll IXTM 
~ABELIIl:LABELil4l 

30 XTMP:XTMP+XINC 
CALL XAXANG 190,) 
CALL XLBAXS ILABELrlollo5•0•' $ 1 ,100rO.OoO.Ol 

C MAKE AND LABEL Y AXIS 
YTMP=YMN 
DO 40 1=1•6 
lYTM:YTMP 
ENCODE 110o60rLABELI13ll IYTM 
LABELIIJ:LABEL114l 

40 YTMP:YTMP+YINC 
CALL YLBAXS ILABELrlo6r3,0o'(SOUND SPEEDJ - FT/SEC$'o10DoO.Oo0,0) 
CALL ANGLE 1-180,1 
CALL MESSAG 11 1DEPTHJ • FE£Ttr14r3e0r•Oe6l 
CALL ANGLE 190.) 
CALL RESET I•BASALF•) 
CALL MESSAG ICAP2•100r•1,25o,45l 
CALL MESSAG ICAP3rl00o•l,Oro45l 
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(; 

C FRA~E AND END PLoT 
CALL FRAME 

c 

c 

c 

CALL ENDPL (OJ 
RETURN 

50 FORMAT (3A5) 
60 FORMAT <1101 
70 FORMAT (tLOCATION 1 r~Xr~A5• 1 $ 1 1 

80 FORMAT (t0ATE 1 o13Xo2A5r'~') 

END 

SUBROUTINE SUMINT (K,NrNMAXoRKrHKrPHioDIRSI 

DATA RADCON/57,2957795/ 

C TEST FOR FIRST BoUNCE 
c 

c 

c 

IF CNTST,EGoll Go TO 10 
NTST:l 
OOWNI:o,o 

UPI=O.O 
10 ABSFI:ABS(PHINCI 

RG:RK 

SHIP1:FUNS(ASHI1,RGrNMS2l 
OR:ABSIRNGIKrNl-RKI 
IF (RK,Ea.o.o.oR,RNG(KrNloEQ,Q,Ol DR:S.o 
HL:,S•<HK+HLOS(K,Nll 
HLOSIKvNl=HK 
RNG(KrNI:RK 

C TEST FOR FIRST TIME THRU 
c 

c 

lF (ITST,EG·l·ANDoKoEG.61 GO TO 70 
IF CITST.EQ, 2 •AND, K o[Q, 2 oAND, N oEG• NMAXl GO TO 70 
IF IITST,GEoll Go TO 50 
AREA=DGREH*e00873•DR•I2.o•RG+DRl 
XZZ=AHEA•0,5••1HL/3.o1031 

C ASSUME WIND NOISE DIPOLE DIRECTIONALITY PATTERN AT HIGH FREQ 
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c 
V.RECI:XZZ•WI.NDI*DIRS 
SRECI:XZZ•SHIPl 
TOTI:WRECI+SRECI 
IF (K,GE, 3) GO TO 20 
OOWNI:UOWNI+TOTI 
GO TO 30 

20 UPI=UPI+TOTI 
PHUP:-PHI 

30 CONTINUE 
IF (K ,EQ, 2 ,AND• ITST ,EQ, -1 ,AND, N ,EQ. NMAXJ GO TO 31 
IF <K.NE.o> GO To so 

31 CONTINUE 
NTST:O 
OOWNI:DOWNI+ITHRML+BIONJ•ABSFI 
UPI:UPI+ITHRML+BIONl•ABSFI 
TOTLI:TOTLI+DOWNI+UPI 
DBDN:10·0•ALOG10(DOWNII+1B4oBB56 
DBUP:l0•0*ALOG10(UPIJ+18~.8856 

c c NORMALIZE LEVEL TO ONE STERAD AND STORE ARRAYS FOR NOISE PLOT 
c 

c 
c 

c 

c 

c 

JCNT:JCNT+l 

CALCULATE PER STERADIAN CORRECTION FACTOR 
AOOB:-lO,O*ALOGlO(ABSFI•cOSIPHIIRADCONI•,l09662) 
J=2•JCNT-1 
JPl:J+l 
XANG(Jl=PHUP 
YOB(J):DBUP+ADDB 
XANGIJPl):PHI 
YDBIJPll:OBDN+ADDB 

40 CONTINUE 
IF ISNPLT.GT,O.O .oR. OUTPT .LE• OoOI GO TO 50 
PRINT 90, PHI•PHINCoRNGI~rNMAXl•HL0514rNMAXloDBUPtDBDNoADDB 

50 RETURN 

70 lTST=O 
IF IK oEQ, 2) ITsT:-1 
RETURN 

90 FORMAT 116XoBF12,31 
END 

SUBROUTINE SURFI 

C THIS SUBROUTINE CALCULATES THE INTENSITIES OF ALL THE SURFACE 
C NOISE GENERATORS 
c 

c 

COMMON ICOMV/ ZX,ZTGrRMAXrPHIDrDELPHoBNCS•OUTPT•wSPDoDGREH•SNPLT,S 
lSPLToALAToBERNGrHOURoACTIVoRAIN•HFLAGtZTGloZTGNOoZTINCoRGToRGTNOoR 
2GINCoTARGtTARG0rTARGloTARG2•TARG3tSHIPDoSHLFRrSHLFS/COMA/AVELP!30I 
3oAHBI30l,AREsP<30ltASHIPt30loABWt30ltAPROP130loADANFI30ltNUMVoNUMH 
4tNUMR,NUMStNUMBW,NUMPrNUMF/COMXICX•ZBMtPHIC•ALPHACrBION 

COMMON HLOS(6o60)rRNGI6ob0lrXANG(300JrYDBI300irJPloJCNT•WINDioT0TL 
1IoTOTLN•I51•ITST,NTSTtTHRMLoTHRDBtCDoZBloVFLAGoBANDLI11ltFRE3111J, 
2DB(llltBANOW,LOCATI3loDATEI2l•AVEL1(30ltA5HI1130loTDBI180ioTDEGI18 
30loKPloTRECLoTLEVoTGDPoRTGoQ(300ltWI300l,TYTLE(8loCAP1(8lrCAP2(13J 
4oCAP3(13JoCAP4113ltCAP51t3loCAP6(81oCAP7(8)oNMS2,FREGrPHINC 
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c 
C ~INTo RAIN! AND ASHIPI2NJ ARE SOUND INTENSITY DENSITIES DUE 
C TO WIND• RAIN AND SHIPS •. (WATTS/M**2l/KYDS**2 
c 

c 

DO 10 J:loll 
BBl:AL0GlO<FRE3(J)I 

10 OB(Jl:BB1*(~.22*BB1-33.~J-10,9 
CALL BWIDTH <THRMLl 

C ~STABLISH LOWEST THERMAL LEVEL/VERT DEG/HOR DEG 
c 

THRML:THRML*DGREH•1,5~32E-5 

THROB:lO,O*ALOGlo!THRML+Bl0Nl+8~.8856 

c 
C ESTABLISH MINIMUM SCALE CD FOR NoiSE PLOT 
C AND CONVERT TO DB/MICROPASCALS 
c 

c 

c 

cD:2o. 
IF (THRDs,LE,-80,0) CD=luo 
IF !THRDB.LE,-90,01 co:o,O 
IF !THRDs,LE.-lOo.Ol CD:-10,0 
IF !THRDB.LE.-llo.OI CD=-20.0 

~INT:Q,O 

IF !WSPD.EQ.Q,Ol GO TO 30 

C WMULT IS WIND SPEED DEPENDENCE 
c 

WMULT:,065*WSPD*•i7 
DO 20 J:loll 
BBl:ALOGlO<FRE3(JJ) 

C CORW IS THE SLOPE AND LEVEL cORRECTION FoR SURFACE NOISE SPECTRA 
C EXCEPT SHIPPING NOISE 
c 

CORW=29•6*10,••<r.~3E-5•FRE3(~l**1·5~l 
~LEVl:-la.*BBl-~. 

~LEV2:9,66*BB1*BB1-~3.99•BB1+23o33 

20 DB(J):WLEVl+(WLEV2-WLEV1l*WMULT+coRW 

CALL BWIDTH !WINTl 
30 RAINI:O.Q 

IF !RAIN,EQ.O.Ol GO TO 50 
c 
C CALCULATE NOISE DUE TO RAIN 
c 

c 

ARAIN:ALOGlO!RAINl 
DO ~0 J:loll 
BB1=AL0GlOlFRE31Jl) 
CORw:,0667*BBl**4•106+29,64 

40 OB!~):CORW+5,5•BB1+1~.5•ARAIN-~9.5 
CALL BWIDTH !RAlNil 

50 wiNDI:WINT+RAINI 

C CORL IS THE MODEL DISTORTION FACTOR FOR OMNI SOURCES 
c 
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IF (SHIPO.EQ,Q,OJ GO TO 90 
00 60 J=loll 
BBl:AL0GlOIFRE3(Jl-2,•SH!PD+l2•> 
C0RL:l4o•FREQ+8o74+4,•SHIPD 
SL1=-l•O•BB1+1,16 



c 

c 

SL2:3,3•BB1-6.27~ 

DB(Jl:-ls.-lo.•ALOGlO(lO,••S~l+lo,••SL2l+CORL 

IF(SHLFS ,LE. 0•01 DB(Jl:DB(J)+5, 
60 CONTINUE 

CALL BWIDTH tSHIPII 
70 CONTINUE 

C CONSTRUCT SHIPPING DENSITY NOISE INTENSITY HISTOGRAM 
c 

c 

c 

CALL SHIPIN !SHIPII 

RETURN 
90 SHIPI:O,Q 

GO TO 70 
END 

SUBROUTINE TARGET 

C THIS SUBROUTINE COMPUTES THE DIRECTIONAL SIGNAL 
C lEVEL RECEIVED FROM A TARGET 
c 
c 

c 

c 

c 

c 

COMMON ICOMV/ ZX,ZTG,RMAXoPHIDoDELPH,BNCSrOUTPTrwSPD,DGREHrSNPLTrS 
lSPLTrALATrBERNG•HOURoACT!VoRAIN•HFLAGrZTGloZTGNOoZTINCrRGToRGTNOrR 
2GINCrTARGrTARG0rTARGlrTARG2oTARGJrSHIPDrSHLFRrSHLFS/COMA/AVELP(30I 
3oAH8(3QI,ARESP(3QlrASHIPt30lrABW!30lrAPROP(30l•ADANF!30l•NUMVoNUMH 
ll•NUMRoNUMSoNUMBW,NUMPrNUMF/COMXICXoZBMrPHICrALPHACoBION/COMCT/CVrT 
5ANPHS 

COMMON HLOS!6r60)rRNG(6r60lrXANGt300lrYDB(300lrJPloJCNToWlNDloT0TL 
llrTOTLN•I5lriTST,NTSTrTHRMLrTHRDBoCDoZBlrVFLAGoBANDL(llloFRE3!1llo 
2DB!1lloBANDWrLOCAT!3lrDATE<2lrAVEL1!30lrASHilt30lrTDB(l80lrTDEG(1A 
30lrKPlrTRECLrTLEVrTGDP•RTGrQ(3QO),W(300l,TYTLE!BlrCAP1(8loCAP2(13l 
I!,CAP3(13J,CAP4!13l•CAP5113l,CAP6!8lrCAP7!8loNMS2rFREQoPHINC 

DATA RADCON/57,~9577/ 

CX:FUNU(AVELPoZX,NUMVl 

CTG:FUNU!AVELPoTGDPrNUMVl 
PHITG:O.QOOl 
IF !CX.LE.CTGI PHITG:ACOS(CX/CTGl 
TDEG(ll::9o. 
TDB!ll=-300. 
KP1:1 
UP:l.O 
RUN:O,O 
YLAST:o.o 
TREci=l.oE-3o 
PRINT 230 
IF (TARG,LT.o.Ol GO TO 20 

C CALCULATE BROADBAND TARGET ENERGY 
c 

DO 10 J:loll 
BBl=ALOGlO(FRE3(J)) 

10 DB(Jl:TARGO+TARGl•BBl+TAHG2•BB1*•2+TARG3•BB1••3 
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c 

CALL BWIDTH (TRGTII 
GO TO 30 

20 TRGTI=3.2467E-9*lO•**(TARGO/lOol 
30 CONTINUE 

C TLEV IS EFFECTIVE TARGET LEVEL IN DB 
c 

c 
C FIND BOTTOM GRAZING ANGLE 

PHIBM=ACOS(CX/AVELP(NUMVll 
c 

c 

40 PHil=DELPH/(2,0*RADCoNI 
IF (RGToGEo500ol GO TO 200 
cz=-l.o 
lTEST=O 
OPHI=-·05 
TINTl=l. OE-35 

50 IR:O 
XTRAB=O.o 

C TEST FOR RAY WITHIN ACCEPTABLE ANGULAR LIMITS 
c 

c 

IF !PHll,GToPHIBMoANDoCZ,GT.o.Ol GO TO 180 
IF (PHll,LToOoO•ORoPHil,LT,PHIBM,AND.cZ.LT,O,ol GO TO 200 
C0SPl:Cos<PHI1l 
cV:CX/COSPl 
CALL VERTEX <ZLO,ZHil, 

C TEST FOR RAY UNABLE TO REACH TARGET DEPTH 
c 

c 

IF ·!ZLOoLT,(TGDP+5ol,ORoZHI.GT,ITGDP-5,1J GO TO 160 
TANPHS:TAN(PHlll 
CALL RAYTRC (-PHiloO,OoZX•SloRl•DRDPloPHNDlrGRAOloZENDlJ 
CALL RAYTRC (PHNDloZENDl,TGDPoS2oR2oDRDP2•PHND2rGRA02•ZEI'D2l 
CALL RAYTRC <PHitoZXrZBM,S3•R3rDROP3,PHND3,GRAD3rZEND3l 

C TEST FOR RELATIVE POSITioN OF TARGET 
c 

C TARGET ABOVE RECEIVER 
60 RG1:2.*R2 

RG2:2.•<R3+R1-R2> 
RSUP:Rl-R2 
RSDN=R1-R2+2,•R3 
El:l.O 
E2:o,o 
GO TO 80 

C TARGET BELOW RECEIVER 

c 

70 RG1:2,*(R3+Rl-R2l 
RG2:2,*R2 
RSUP=Rl+R2 
R5DN=R2-Rl 
El=o.o 
E2=t.o 

C TEST FOR UP-GOING OR DOWN-GOING RAY 
c 
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eo 1F <up> 90,9o,10o 
C DOWN GOING RAY 

90 RSTRT:RSDN 
Fl:l.O 
F2:o.o 
GO TO 110 

C UP GOING RAY 

c 

100 RSTRT:RSuP 
Fl:O.O 
F2:l.O 

110 SIZE:RG1+RG2 

C CALCULATE NUMBER OF CYCLES TO TARGET 
c 

c 

lF fiTEST.EQ.O) N=IRTG-RsTRTl/SIZE 
YO:N 
RNOOE:YO•SIZE+RSTRT 
1TEST:1 

C TEST TO GET THE sAME NODE AS FIRsT TIME THRU AND LOCATION OF 
C TARGET IN CYCLE 
c 

c 

lF fiR> 130•120•1~0. 

120 IF fRNODE+RGl-RTGl 130•130•1~0 

130 RN001:RNODE+RG1 
G1:1.0 
IR:-1 
GO TO 150 

1'10 RN001:RNODE 
G1:o.o 
1R:1 

150 CONTINUE 

C TEST FOR RAY WITHIN RANGE INCREMENT 
c 

c 

DR2:::RNODl-RTG 
lF f0R2l 160o170,170 

160 PHil:PHI1+DPHI*f1oO+PHI1•·13•flo+CZll 
GO TO 50 

C CALCULATE LOsSES 
c 

170 CONTINUE 

ITEST:o 
SN001:2.•YO*!Sl+s3l+E1*1Sl-S2+F1•2•*S3l+E2•1S2+Sl•IF2-F1))+2.•Gl•f 

1E1•S2+E2•1S3+Sl-s2ll 
FN001:2.•YO*IDRDP1+DRDP3)+El•IDROP1-0RDP2+F1*2•*DRDP3l+E2•1DRDP2+D 

1HDPl•(F2-F1ll+2••G1•1E1•oRDP2+E2•1DROP3+0RDP1-DRDP2Jl 
CALL HLOSS IPHND2oRNoDloSN0DloFNOOl,GRAD2•HLOS1) 

c 
C TEST FOR BOTTOM BOUNCE 
c 

tlLOS:o.o 
SLOS:o. 0 t 
IF IZEND3.GE.ZBMl BLoS:FuNUIAHB•PHND3•RADCONoNUMHl 
IF IZEND!.LE.O.Ol SLoS:Yo•.5 
IF IUP.LE.O.Q.ANDoTGDP.LE.ZX.OR.TGDP.GE.zX.AND.Gl.EQ.l.Ol XTRAB=l. 

10 
PHI:-uP•PHI1•RADcON 
TLOS:(Y0+XTRABl*BLOS+HLOs1+FUNUfARESPoPHI•NUMRl 
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c 
C SUM INTENSITY OVER ONE DEGREE ANu STORE 
c 

c 

KPl:KPl+l 
TDBIKP1l:TLEV•TLoS•SLOS 
TDEGIKPll:PHI 
TGINT:lo.••<TDBIKPll/lO,J 
TINT1:TINT1+TGINT 
TRECI:TRECI+TGINT 
IF <ABSITDEGIKPl)•TDEGIKPl•l)).LT.1oOl GO TO 210 
IF IYO.NEoYLASToANDoYOoGTo5ol TINT1:2,•iiNT1 
TDBIKP1l:l0o*ALOG101TINT1l 
PRINT 2~0• TDEGIKPlloTDA<KPll 
TINT1:1, OE-35 
IF (RNOD1<EG,RSTRTl GO To 180 

C TEST FOR CHANGE FROM UP TO DOWN GOING RAYS 
c 

c 

IF <PHI1.GToPHIBMoANDoCZ.LT.OoD•OR.PHil.LT,PHIBM.ANO.CZoGToOo0l GO 
1 TO 110 

IF (CZ.GT.OoO) Go TO 180 
GO TO 200 

180 RUN:RuN+l,O 
UP:-1,0 
lTEST:O 
IF (RUN-1.0) 40o40ol90 

190 TRECL:lO,•ALOGlO<TRECll 
PRINT 220• TRECL,ZXoTLEVoFREQoTGDPoRTG 
RETURN 

C START BOUNCE FREE RAYS 
c 

c 

c 

200 PHll:PHITG 
cz:t.o 
OPHI:2.5/RTG 
IF <OPHI,GT.,005l DPHI:,oOS 
lTEST:O 
TINT1:1. OE•35 
GO TO 50 

210 KPl:KPl•l 
YLAST:YO 
GO TO llo 

220 FORMAT (//F12.1•• DB Sir. REC AT 1 oF7,0•' FT FROM' oF7,lo' OB TARGET 

1 AT 1 oF6.~o' KHZ•••F6.0o 1 FT OEPTHo 1 oF8,3o 1-KYD• /1~11 

230 FORMAT I/30Xo 0 REc ANGLE•,SXo•TARGET LEVEL 1 /33Xo 0 DEG'o10Xr'OB/M PA 
1 'll. 

240 FORMAT 128XoF10o3o5X,F10,2l 
END 

SUBROUTINE VERTEX (ZLOoZHil 

C THIS SUBROUTINE cOMPUTES HIGHEST AND LOWEST DEPTHS REACHED BY RAY 
c 

76 

COMMON ICOMV/ ZX,ZTG,RMAXoPHID•DELPHoBNCS•OUTPTrwSPDoDGREHoSNPLToS 
lSPLToALAToBERNG•HOURoACTIVrRAIN•HFLAGrZTG1oZTGNOoZTINCoRGToRGTN0oR 
2GlNCoTARGoTARGO•TARGloTARG2oTARG3oSHIPDoSHLFRoSHLFS/C0MA/AVELP(30) 
3oAHBI30l,ARESP(3QloASHIP130loABWI30loAPROPI30loADANFI30loNUMVoNUMH 
4oNUMRoNUMSoNUMBW,NUMPoNUMF/COMCT/CVoTANPH5 



c 

c 

N=-1 
10 N=N+2 

ZN:AVELPlN) 
lF <ZNoLT,ZXl GO TO 10 
NST:N-2 

C SEARCH UP 
ZNPl:AVELPlN) 
CNPl:AVELPlN+ll 
N=NST 

c 

20 ZN:IIVELP(N) 
CN:AVELPIN+ll 
!F <CN.GE.CVl GO TO 30 
CNPl:CN 
ZNPl:ZN 
N=N•2 
IF (N,GT,Ol GO To 20 
ZHI:O,O 
GO TO 50 

30 GRAO:(CN-CNPll/(zN-ZNPll 
IF (GRAD.EQ,Q,Ol GO TO ~U 

lHI=ZNPl+(CV-CNPll/GRAD 
GO TO 50 

1+0 ZHI=ZNPl 

C SEARCH DOWN 

c 

50 CONTitJUE 
ZN:AVELP ( NSTl 
CN:AVELPINST+ll 
N=NST+2 

60 ZNPl=AVELP(Nl 
CNP l:AVELP ( N+ll 
IF (CNPl,GEoCVl GO TO 70 
CN:CNPl 
ZN:ZNPl 
N=N+2 
IF (N,LT,NUMVl Go TO 60 
ZLO:AVELP(N-21 
RETURN 

70 GRAO:(CNPl-CNl/IZNPl-ZNl 
IF <GRAD,EQ.o.Ol GO TO Au 

lLO=ZN+(CV-CNJ/GRAD 
RETURN 

80 ZLQ:ZN 
RETURN 

END 
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